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ABSTRACT
The p r i n c i p l e s  o f  n e u t r o n  a c t i v a t i o n  a n a l y s i s  b a s e d  on p u r e l y  
i n s t r u m e n t a l  t e c h n i q u e s ,  i n c l u d i n g  b o th  c o n v e n t i o n a l  and c y c l i c  
a c t i v a t i o n ,  a r e  o u t l i n e d .  The s o u r c e s  o f  e r r o r s  i n  s a m p l in g ,  sam ple  
p r e p a r a t i o n ,  i r r a d i a t i o n ,  m ethods f o r  d a t a  a n a l y s i s  a r e  d e s c r i b e d .
D e s c r i p t i o n s  o f  t h e  o p e r a t i o n  and u s e  o f  a  s c a n n in g  E l e c t r o n  
M ic ro sco p e  (SEM), a t r a n s m i s s i o n  E l e c t r o n  M ic ro sco p e  (TEM), an  
E l e c t r o n  p ro b e  m ic r o a n a l y s e r  (EPMA) a r e  g iv e n .  The d i f f e r e n t  modes 
o f  e l e c t r o n  m i c r o a n a l y s i s  and th e  p r i n c i p l e s  o f  s e m i q u a n t i t a t i v e  
e l e m e n ta l  a n a l y s i s  u s in g  t h e s e  modes a r e  e x p la i n e d .
As sam ple  p r e p a r a t i o n  h a s  a  l a r g e  e f f e c t  on t h e  a c c u r a c y  o f  any 
a n a l y t i c a l  t e c h n iq u e  f o r  t r a c e  e le m e n t  w ork , m ethods f o r  t h e  p r e p a r a t i o n  
o f  h a i r  sam p les  and s o f t  t i s s u e  sam p les  employed in  i n s t r u m e n t a l  n e u t r o n  
a c t i v a t i o n  a n a l y s i s  and i n  e l e c t r o n  p ro b e  m i c r o a n a l y s i s  a r e  g iv e n .  
R e a l i s t i c  v a l u e s  o f  d e t e c t i o n  l i m i t s  f o r  l i v e r ,  m u s c le ,  h a i r  and n a i l  
sam p les  a r e  found  f o r  d i f f e r e n t  i r r a d i a t i o n  and c o u n t in g  c o n d i t i o n s  i n  
b o th  t e c h n i q u e s .  The v a r i a t i o n  o f  f l u x  i n  t h e  r e a c t o r  c o r e  a f f e c t s  
th e  i n t e n s i t y  o f  t h e  a c t i v i t y  p ro d u c e d  i n  t h e  sa m p le ,  so m ethod and 
r e s u l t s  o f  m easurem ent o f  t h e s e  v a r i a t i o n s  w ere  i n v e s t i g a t e d  and a r e  
p r e s e n t e d .
H a i r  and n a i l  sam p les  c o l l e c t e d  from  a s e l e c t e d  p o p u l a t i o n  g roup  
i n  A f r i c a  w ere  a n a ly s e d  u s in g  t h e  above d e s c r i b e d  t e c h n i q u e s ,  a s  w ere  
h a i r  sam p les  c o l l e c t e d  from  b r e a s t  c a n c e r  p a t i e n t s  and b o t h  s e t s  o f  r e s u l t s  
a r e  g iv e n .  The d i s t r i b u t i o n  o f  some e le m e n ts  a lo n g  s e l e c t e d  l i n e s  on th e  
h a i r  c r o s s  s e c t i o n  w ere  s t u d i e d  u s in g  th e  e l e c t r o n  p ro b e  m i c r o a n a l y s e r ,  
w h e reas  t h e  e l e m e n ta l  c o n te n t  o f  m ic rovo lum es  i n  b o t h  p ig m e n te d  and
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m a t r i x  a r e a s  i n  t h e  h a i r  c r o s s  s e c t i o n  w ere  lo o k ed  a t  u s in g  th e  
t r a n s m i s s i o n  e l e c t r o n  m ic ro sc o p e  w i t h  e l e c t r o n  p ro b e  m i c r o a n a l y s e r .
C ance rous  and non—c a n c e ro u s  b r e a s t  t i s s u e s  w ere  a n a ly s e d  f o r  
t h e i r  e l e m e n t a l  c o n t e n t .  C o r r e l a t i o n  and r e g r e s s i o n  c o e f f i c i e n t s  f o r  
e le m e n ts  i n  c a n c e r o u s ,  n o n - c a n c e ro u s  b r e a s t  t i s s u e  and h a i r  sam p les  
from  th e  same p a t i e n t  have  b e e n  c a l c u l a t e d .  Abnormal b r e a s t  t i s s u e s  
w ere  exam ined f o r  d i f f e r e n c e s  i n  m o rp h o lo g ic a l  a p p e a r a n c e  u s in g  t h e  
s c a n n in g  e l e c t r o n  m ic ro s c o p e .  F u r th e rm o re  t h e  c a l c i f i e d  a r e a s  o f  
abnorm al b r e a s t  t i s s u e s  w ere  s t u d i e d  by  t h e  t r a n s m i s s i o n  e l e c t r o n  m ic ro ­
s c o p e .  The s t r u c t u r e  and c o m p o s i t io n  o f  t h e s e  c a l c i f i c a t i o n s ,  when 
exam ined , u s in g  e l e c t r o n  d i f f r a c t i o n  arid X - ra y  m i c r o a n a l y s i s ,  w ere  found  
t o  be n e e d le  shaped  c r y s t a l s  o f  h y d r o x y a p a t i t e .
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CHAPTER 1
INTRODUCTION
I n t e r e s t  i n  th e  s i g n i f i c a n c e  o f  e le m e n ts  i n  t h e  human body and 
t h e i r  s tu d y  i n  th e  c o r r e l a t i o n  o f  m e t a b o l i c  changes  w i t h  v a r i o u s  
d i s e a s e s  h a s  b e e n  u n d e r t a k e n ,  f o r  q u i t e  a  lo n g  t im e ,  w i t h  t h e  aim  o f  
e l u c i d a t i n g  th e  r o l e  o f  t r a c e  e le m e n ts  i n  p h y s i o l o g i c a l  f u n c t i o n s  o f  
th e  o rg a n is m .  Some o f  t h e s e  e le m e n ts  a r e  r e q u i r e d  i n  s m a l l  c o n c e n t r a t i o n s  
as  e s s e n t i a l  components o f  b i o l o g i c a l  enzyme sy s tem s  o r  o f  s t r u c t u r e d  
p o r t i o n s  o f  b i o l o g i c a l l y  a c t i v e  c o n s t i t u e n t s .  Underwood (1971) h a s  
d iv id e d  t r a c e  e le m e n ts  a c c o r d in g  to  t h e i r  d i e t a r y  im p o r ta n c e  i n t o  t h r e e  
g ro u p s :  i )  e s s e n t i a l ;  i i )  p o s s i b l y  e s s e n t i a l ;  i i i )  n o n - e s s e n t i a l .
However, f o r  any e le m e n t  t o  be  e s s e n t i a l  f o r  l i f e  a  s e t  o f  c r i t e r i a  l a i d  
down by C o tz ia s  (1967) have  to  be s a t i s f i e d .
S c h ic h a  e t  a l .  (1972) p o i n t e d  o u t  t h a t  a  c o r r e l a t i o n  b e tw e en  th e  
c o n c e n t r a t i o n  o f  p a r t i c u l a r  t r a c e  e le m e n ts  was o b s e rv e d  when mean v a lu e s  
f o r  d i f f e r e n t  human o rg a n s  w ere  com pared . I n  m a l ig n a n t  tum ours 
p a r t i c u l a r  t r a c e  e le m e n t  c o n c e n t r a t i o n s  w ere  n o t e d ,  w hich  w ere  d i f f e r e n t  
from  th o s e  i n  n o n - m a l ig n a n t  p r o l i f e r a t i n g  t i s s u e .  A n d r o n i k a s h v i l i  (1974) 
found  t h a t  th e  c o n t e n t  o f  z i n c ,  i r o n ,  a n t im o n y ,  chrom ium, c o b a l t  and 
scand ium  i n  DNA and RNA i s o l a t e d  from  m a l ig n a n t  t i s s u e s  i s  c o n s i d e r a b l y  h i g h e r  
th an  th o s e  i n  DNA and RNA i s o l a t e d  from  n o rm a l  r a t  l i v e r .  A lso  M cQ uitty  
(1970) h a s  shown t h a t  some t r a c e  e le m e n ts  a r e  r e q u i r e d  f o r  n e o p l a s t i c  
g ro w th .
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I t  was s u g g e s t e d  by P o r i e s  (1972) t h a t  b e c a u s e  t h e r e  a r e  
q u a n t i t a t i v e  d i f f e r e n c e s  b e tw e e n  m e ta b o l i s m  o f  t h e  h o s t  and  t h a t  o f  t h e  
tumour m a n i p u la t i o n s  t h a t  a r e  d e t r i m e n t a l  t o  th e  tum our w i t h o u t  e n d a n g e r ­
i n g  the h o s t  can  be  d e v e lo p e d .  The m ost  s i g n i f i c a n t  i n  such  a p p l i c a t i o n s  
o f  t r a c e  e le m e n t  t e c h n o lo g y  to  onco logy  has  b e e n  a c h ie v e d  w i t h  i o d i n e .
I f  r e s e a r c h  e f f o r t  i s  d i r e c t e d  tow ards  d e v e lo p in g  s i m i l a r  a p p l i c a t i o n s  
i n  onco logy  f o r  some o t h e r  t r a c e  e le m e n t  th e r a p y  t h i s  c o u ld  be  u s e f u l  t o  
th e  e n t i r e  p o p u l a t i o n .
O b j e c t i v e :  The o b j e c t i v e  o f  t h i s  work i s  t o  c a r r y  o u t  a  f e a s i b i l i t y  ' i n -
v i t r o '  s tu d y  w hich  w i l l  i n v e s t i g a t e  t h e  r e l a t i o n s h i p  b e tw e en  human 
d i s e a s e s ,  i n  t h i s  p a r t i c u l a r  c a se  b r e a s t  c a n c e r ,  and t r a c e  e le m e n t  
im b a la n c e s  i n  human t i s s u e s  by m e a s u r in g :
1) The c o n c e n t r a t i o n  and d i s t r i b u t i o n  o f  e le m e n ts  i n  n o n - c a n c e ro u s  
b r e a s t  t i s s u e
2) The c o n c e n t r a t i o n  and d i s t r i b u t i o n  o f  e le m e n ts  i n  c a n c e ro u s  t i s s u e s  
o f  th e  same b r e a s t
3) The c o n c e n t r a t i o n  and d i s t r i b u t i o n  o f  e le m e n ts  i n  h a i r  o f  th e  same 
p a t i e n t
4) The c o n c e n t r a t i o n  and th e  d i s t r i b u t i o n  o f  e le m e n ts  i n  h a i r  sam p les  
c o l l e c t e d  from  a s e l e c t e d  g roup  o f  a  n o rm a l  p o p u l a t i o n .
I n s t r u m e n t a l  n e u t r o n  a c t i v a t i o n  a n a l y s i s  was em ployed  to  e s t i m a t e  
e le m e n t a l  c o n c e n t r a t i o n s  and e l e c t r o n  m ic ro sc o p y  w i t h  a t t a c h e d  a n a l y t i c a l  
f a c i l i t i e s  p r o v id e d  in f o r m a t io n  a b o u t  t h e  d i s t r i b u t i o n  o f  some o f  t h e s e  
e le m e n ts  a t  t h e  c e l l u l a r  l e v e l .
—  3 —
O u t l in e  o f  work r e p o r t e d : I n  c h a p t e r  2 t h e  p r i n c i p l e s  and p r a c t i c e  o f
i n s t r u m e n t a l  n e u t r o n  a c t i v a t i o n  a n a l y s i s  i s  d e s c r i b e d  a lo n g  w i t h  th e  
f a c i l i t i e s  em ployed  t o  c a r r y  o u t  t h e  a n a l y s i s .  The c o u n t in g  s y s te m , 
d a t a  p r o c e s s i n g ,  s o u r c e s  o f  e r r o r s  and d e t e c t i o n  l i m i t s  a r e  d i s c u s s e d .
I n  c h a p t e r  3 i t  was th o u g h t  u s e f u l  t o  o u t l i n e  th e  t e c h n i q u e s  and i n s t r u m e n t s  
u s e d  i n  e l e c t r o n  m ic ro sc o p y  and X -ray  m i c r o a n a l y s i s  f o r  s tu d y  o f  h a i r  
c r o s s  s e c t i o n s  and c a l c i f i e l d  r e g i o n s  i n  human b r e a s t .
I t  h a s  b e e n  shown from  p r e v i o u s  e x p e r i e n c e  and th e  w ork done by 
many r e s e a r c h e r s  t h a t  th e  l a r g e s t  e r r o r  i n  a n a l y s i s  u s in g  b o th  n e u t r o n  
a c t i v a t i o n  and e l e c t r o n  m ic ro sc o p y  c o u ld  be i n t r o d u c e d  d u r in g  th e  san%)le 
p r e p a r a t i o n  p r o c e d u r e .  F o r  t h i s  r e a s o n  C h a p te r  4 was d e v o te d  t o  sam ple  
p r e p a r a t i o n  and  s t a n d a r d i z a t i o n ,  w here  t h e  m ethod em ployed was d i s c u s s e d .
The l o s s  and  r e t e n t i o n  o f  e le m e n ts  i n  s o f t  t i s s u e s  was e s t i m a t e d  by 
c a r r y i n g  o u t  a  c o n t r o l l e d  e x p e r im e n t .
In  t h e  r e a c t o r  c o re  t h e  f l u x  c h a n g es  f rom  one p o s i t i o n  to  a n o t h e r  
due to  n e u t r o n  m o d e r a t io n ,  a b s o r p t i o n  and l e a k a g e  so  i t  i s  i m p o r t a n t  f o r  
r e p r o d u c i b l e  r e s u l t s  i n  a c t i v a t i o n  a n a l y s i s  to  m easu re  t h e  f l u x  and 
m o n i to r  i t  d u r in g  th e  i r r a d i a t i o n s .  R e s u l t s  o f  t h e s e  m easu rem en ts  a r e  
g iv e n  i n  C h a p te r  4. I n  C h a p te r  5 t h e  a n a l y s i s  o f  h a i r  and n a i l  sam p les  
c o l l e c t e d  by th e  U n i v e r s i t y  o f  S u r re y  A f r i c a  S tudy  Group from  s e l e c t e d  
p o p u l a t i o n  by th e  W.H.O. i n  t h e  Machakos D i s t r i c t  o f  Kenya was c a r r i e d  
o u t .  The r e s u l t s  o f  t h e  a n a l y s i s  o f  h a i r  sam p les  c o l l e c t e d  from  b r e a s t  
c a n c e r  p a t i e n t s  a r e  a l s o  i n c l u d e d  i n  t h i s  c h a p t e r .
The X - ra y  m ic r o a n a l y s i s  f a c i l i t i e s  w ere  u se d  f o r  a n a l y s i s  o f  h a i r  
c r o s s  s e c t i o n s  by s c a n n in g  a lo n g  s e l e c t e d  l i n e s  w h i l e  t h e  d e t e c t o r  i s
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tu n e d  i n  on th e  c h a r a c t e r i s t i c  X - ra y  e n e rg y  o f  th e  e le m e n t  o f  i n t e r e s t .
I n  a d d i t i o n  t h i n  h a i r  s e c t i o n s  w ere  a n a ly s e d  by th e  t r a n s m i s s i o n  e l e c t r o n  
m ic ro sc o p e  (TEM) and th e  r e s u l t s  o f  r e l a t i v e  c o n c e n t r a t i o n s  o f  d e t e c t e d  
e le m e n ts  a r e  p r e s e n t e d .
N e u tro n  a c t i v a t i o n  a n a l y s i s  was u se d  to  a n a ly s e  c a n c e r o u s  and n o n -  
c a n c e ro u s  b r e a s t  t i s s u e .  The sam p les  w ere  c o l l e c t e d  by  th e  H i s to l o g y  
D e p a r tm en t  a t  S t .  L u k e 's  H o s p i t a l ,  G u i l d f o r d  and th e  r e s u l t s  a r e  g iv e n  i n  
C h a p te r  6 , I n  t h i s  c h a p t e r  a  worked exam ple o f  an i n t e r f e r e n c e  r e a c t i o n  i s  
g iv e n  when , a  s o f t  t i s s u e  r i c h  i n  p h o sp h o ru s  i s  a n a ly s e d .
R e g r e s s io n  and c o r r e l a t i o n  c o e f f i c i e n t s  w ere  u s e d  t o  s tu d y  th e  
c o l l e c t e d  d a t a  from  b o th  c a n c e ro u s  and n o n - c a n c e ro u s  t i s s u e s  and a r e  
t h e r e f o r e  i n c l u d e d .
In  C h a p te r  7 m i c r o c a l c i f i c a t i o n s  i n  d i f f e r e n t  c a s e s  o f  b r e a s t  
a b n o r m a l i t i e s  w ere  s t u d i e d .  T h e i r  s t r u c t u r e  was exam ined  u s in g  th e  X -ray  
m i c r o a n a l y s i s  m ethod and th e  c r y s t a l  ty p e s  o f  th e  c a l c i f i c a t i o n s  i d e n t i f i e d  
i n  b o th  m a l ig n a n t  and b e n ig n  c a s e s  u s in g  e l e c t r o n  d i f f r a c t i o n .
C h a p te r  8 i s  th e  c o n c lu d in g  p a r a g r a p h  w here  s u g g e s t i o n s  f o r  f u r t h e r  
work a r e  t o  b e  fo u n d .
-  5 -
CHAPTER 2
INTRODUCTION TO INSTRUMENTAL NEUTRON ACTIVATION ANALYSIS (INAA)
2 .1  I n t r o d u c t i o n
The d e t e r m i n a t i o n  o f  e le m e n ts  by  means o f  t h e i r  n a t u r a l  r a d i o ­
a c t i v i t y  h a s  b e e n  a n  e s t a b l i s h e d  a n a l y t i c a l  m ethod f o r  a  l o n g  t im e .  
However a f t e r  t h e  d i s c o v e r y  by C u r ie  and J o l i o t  t h a t  r a d i o a c t i v i t y  
c o u ld  be i n d u c e d ,  t h i s  m ethod was e x t e n d e d .  Ferm i f u r t h e r  i n c r e a s e d  
t h e  number o f  e le m e n ts  t h a t  c o u ld  be  a c t i v a t e d  a r t i f i c i a l l y  by  u s in g  
n e u t r o n s ,  w h ich  had  b e e n  s low ed  down by p a s s a g e  th ro u g h  w a t e r  o r  
p a r a f f i n  wax. I t  i s  prim ar'tly  th e  u sa g e  o f  n e u t r o n s  w h ich  h a s  e n a b le d  
a c t i v a t i o n  a n a l y s i s  to  d e v e lo p  i n t o  h i g h l y  s e n s i t i v e  a n a l y t i c a l  t o o l  
o f  t o d a y .
N e u tro n  a c t i v a t i o n  a n a l y s i s  (NAA) c o n s i s t s  o f  t h e  d e t e r m i n a t i o n  
o f  t h e  amount o f  an  e le m e n t  p r e s e n t  i n  t h e  sam ple  by m e a s u r in g  t h e  
i n t e n s i t y  o f  a c t i v i t y  in d u c e d  i n  t h a t  e le m e n t  by bombardm ent w i t h  
n e u t r o n s .  The a c t i v i t y  in d u c e d  i s  p r o p o r t i o n a l  t o  t h e  amount o f  
e le m e n t  p r e s e n t  and i s  i n d e p e n d e n t  o f  i t s  c h e m ic a l  s t a t e .  I t  h a s  become 
p o s s i b l e  i n  t h e  l a s t  d e c a d e ,  a s  a  r e s u l t  o f  th e  d e v e lo p m en t  o f  c o u n t i n g  
equ ipm en t  and t e c h n i q u e s ,  t o  u se  p u r e l y  i n s t r u m e n t a l  n e u t r o n  a c t i v a t i o n  
w i th  t h e  a d v a n ta g e s  a s s o c i a t e d  w i t h  r e d u c e d  h a n d l i n g  o f  t h e  sam ple  and 
e m is s io n  o f  c h e m ic a l  and r a d i o c h e m i c a l  o p e r a t i o n s .  The n e u t r o n  s o u r c e  
u s e d  c an  be a n  i s o t o p i c  s o u r c e ,  a n e u t r o n  g e n e r a t o r  o r  an  a c c e l e r a t o r ,  
b u t  f o r  many a p p l i c a t i o n s  th e  f l u x  o f  n e u t r o n s  r e q u i r e d  i s  so  h i g h  t h a t  
i t  i s  o n ly  o b t a i n a b l e  from  n u c l e a r  r e a c t o r s .
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2 .2  The R e a c to r  N e u t ro n  S p e c tru m
The b a s i s  o f  t h e  t h e o r e t i c a l  u n d e r s t a n d in g  o f  f i s s i o n  was l a i d  
by Bohr and W heele r  (1 9 3 9 ) .  At t h e  t im e ,  i t  was r e c o g n i z e d  t h a t  more 
t h a n  one n e u t r o n  was p ro d u c e d  p e r  u ra n iu m  f i s s i o n  a lo n g  w i t h  t h e  f i s s i o n  
f ra g m e n ts  e . g .  on a v e ra g e  ^  2 .4  n e u t r o n s  a r e  p r o d u c e d  i n  t h e  t h e r m a l  
f i s s i o n  o f
Two ty p e s  o f  n e u t r o n s  a r e  e m i t t e d  i n  f i s s i o n ,  p rom pt n e u t r o n s  
e m i t t e d  w i t h i n  10 o f  th e  i n i t i a l  e v e n t  w i t h  a c o n t in u o u s  e n e rg y  
d i s t r i b u t i o n  up to  s e v e r a l  MeV and de layedneu trons  o b s e rv e d  a f t e r  
f i s s i o n .  About .65% o f  a l l  f i s s i o n  e v e n t s  e m i t  d e la y e d  n e u t r o n s .
The s i x  i n p o r t a n t  g roups  o f  d e la y e d  n e u t r o n s  e m i t t e d  from  235% f i s s i o n  
have  h a l f  l i v e s  r a n g in g  from  < . I s  to  'b 5 5 s .
The e n e rg y  o f  unm odera ted  f i s s i o n  n e u t r o n s  i s  b e tw e e n  0 and 
'b 25 MeV f o r  235% f i s s i o n  w i t h  a  m ost p r o b a b l e  e n e rg y  a b o u t , .7 2  MeV 
g i v i n g  a n  a v e ra g e  e n e rg y  o f  a b o u t  2 MeV. W att  (1952) e x p r e s s e d  th e  
i n i t i a l  f i s s i o n  s p e c t r u m  d i s t r i b u t i o n  ( o th e r w i s e  known a s  t h e  raw  
f i s s i o n  sp e c t ru m )  o f  n e u t r o n  e n e r g i e s  so t h a t  t h e  t o t a l  number o f  
n e u t r o n s  e q u a l  one i . e .  ZN = 1 when summed o v e r  a l l  n e u t r o n  e n e r g i e s  by 
th e  e q u a t i o n
N(E)dE = 0 .4 8 3 9  e ^ s in h ( /2 E ) d E  ( 1 )
T h is  d i s t r i b u t i o n  shows good a g re e m e n t  w i t h  e x p e r i m e n t a l  d a t a  i n  th e  
e n e rg y  r a n g e  from  75 keV t o  15 MeV. A m o d i f i c a t i o n  o f  E q . (1 )  was 
p r o p o se d  by C ra n b e rg  (1956) and h a s  b een  s t u d i e d  e x p e r i m e n t a l l y  from  
180 keV t o  12 MeV. A n o th e r  s e m ie r a p i r i c a l  e x p r e s s i o n  h a s  b e e n  p ro p o s e d  
by Leachman (1 9 5 6 ) .
K(E)dE = .7725 E ^ e x p (- .7 7 5 E )d E  * ( 2 )
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T h is  e q u a t i o n  i s  a  good a p p r o x im a t io n  f o r  t h e  f i s s i o n  s p e c t r u m  w i th  
e n e r g i e s  < 9 MeV, w i t h  a l l  t h e  p ro p o s e d  e q u a t i o n s  show ing  l a r g e s t  
d e v i a t i o n s  a t  h i g h  e n e r g i e s .  The e n e rg y  d i s t r i b u t i o n  o f  t h e  s lo w in g  
down n e u t r o n s  by  e l a s t i c  c o l l i s i o n s  w i t h  t h e  m o d e ra to r  n u c l e i  i s  
assumed t o  be  p r o p o r t i o n a l  t o  E“  ^ p e r  u n i t  e n e rg y  i n t e r v a l .  However, 
i t  h a s  b e e n  fo u n d  i n  many p r a c t i c a l  c a s e s  t h a t  t h e  e p i t h e r m a l  f l u x  i s  
a c t u a l l y  p r o p o r t i o n a l  t o  E  ^ , w here  th e  m a g n i tu d e  o f  t h e  p a r a m e te r
3 d epends  on t h e  m o d e r a to r  and on th e  geom etry  o f  s lo w in g  down s y s te m .  
B e r e z n a i  and MacMahon (1977) d e te r m in e d  th e  sh ap e  o f  th e  e p i t h e r m a l  
n e u t r o n  e n e rg y  d i s t r i b u t i o n  i n  two i r r a d i a t i o n  p o s i t i o n s  o f  t h e  
U n i v e r s i t y  o f  London C o n s o r t  I I  r e a c t o r .  T h e i r  c a l c u l a t e d  3 i n d i c a t e s  
t h a t  t h e  e p i t h e r m a l  s p e c t ru m  i s  a p p r e c i a b l y  h a r d e r  t h a n  E“  ^ s p e c t r u m .
When t h e s e  n e u t r o n s  r e a c h  th e r m a l  e q u i l i b r i u m  w i t h  t h e  m o d e r a to r  
t h e i r  d i s t r i b u t i o n  a s  a  f u n c t i o n  o f  e n e rg y  f o l l o w s  t h e  M axw ell-B o ltzm ann  
d i s t r i b u t i o n .
_ 1
M(E)dE = ^  . L  
Ttt
fE Vg - j  e x p ( -  E /E^)dE  - (3)
w here E,  ^ = KT
K i s  B o l t z m a n n 's  c o n s t a n t  
T i s  t h e  a b s o l u t e  t e m p e r a tu r e  (K°)
A t 20 C° th e  m ost p r o b a b le  v e l o c i t y  v^ i s  2200 ms  ^ a t  a  c o r r e s p o n d in g  
e n e rg y  o f  0 .0 2 5  eV. In  F i g .  (1) th e  d i s t r i b u t i o n  o f  r e a c t o r  s p e c t r a  a r e  
shown n o r m a l iz e d  t o  u n i t y .
-  8  -
Therm al n e u t r o n s  (M axwell)
E p i th e r m a l  n e u t r o n s  (1 /E )
F i s s i o n  n e u t r o n s  (W att)
/J -:  l û - \  /. W  70® 10'^ tO f
^  ( n ,y )  r e a c t i o n  __—> . & _ ( n , n ' ) , ( n , p ) , ( n , o ) . .  r e a c t i o n s ^ »
F i g .  1 N e u tro n  F lu x  D i s t r i b u t i o n  i n  N u c le a r  R e a c to r .
2 . 3  R e a c t io n  R a te  W ith  R e a c to r  N e u tro n s
When a sam ple  i s  i n t r o d u c e d  i n t o  a  r e a c t o r  c o re  a  v a r i e t y  o f  
r e a c t i o n s  t a k e s  p l a c e  w i t h  t h e  r e a c t o r  n e u t r o n s .  These i n c l u d e  ( n , y ) ,  
( n , p ) ,  ( n , a ) ,  ( n , n ' ) ,  ( n ,2 n )  and  ( n , f ) .  The a n a l y t i c a l  u se  o f  t h e s e  
r e a c t i o n s  depends  on f a c t o r s  su c h  a s  t h e  ty p e  o f  s a n p le  m a t r i x ,  c r o s s -  
s e c t i o n ,  n e u t r o n  f l u x ,  n u c l e a r  and  c h e m ic a l  p r o p e r t i e s  o f  t h e  r e a c t i o n  
p r o d u c t s  and p o s s i b l e  i n t e r f e r e n c e s .
The r e a c t i o n  r a t e ,  t h e  number o f  e v e n t s  o c c u r r i n g  p e r  u n i t  t im e ,  
can  be c a l c u l a t e d  i f  t h e  n e u t r o n  e n e rg y  ( o r  v e l o c i t y )  d i s t r i b u t i o n  and  
t h e  a c t i v a t i o n  c r o s s - s e c t i o n  a r e  known. T h is  can  be p r e s e n t e d  a s :
R = | ~  o (E )0 (E )d E  
0
s i n c e  (f>(E)dE = n ( v ) v .d E  and  t h e  i n t e g r a t i o n  i s  o v e r  a l l  t h e  n e u t r o n  
e n e r g i e s  o r  v e l o c i t i e s .
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R = a ( v ) n ( v ) v . d v
0
w here R = r e a c t i o n  r a t e
(f)(E) = f l u x  o f  n e u t r o n s  a t  e n e rg y  E
a(E )  = t h e  c r o s s - s e c t i o n  o f  t h e  t a r g e t  n u c l e i  a t  e n e rg y  E
n ( v ) d v  i s  t h e  d e n s i t y  o f  t h e  n e u t r o n s  h a v in g  a  v e l o c i t y  b e tw e en  
V  and V  + dv , and  a ( v )  t h e  a c t i v a t i o n  c r o s s - s e c t i o n  f o r  
a  n e u t r o n  w i t h  v e l o c i t y  v .
I f  t h e  r e a c t o r  n e u t r o n  s p e c t ru m  i s  d e s c r i b e d  (H ^gdhal 1962) as
t h e  sum o f  subcadmium n e u t r o n s  i . e .  n e u t r o n s  a b s o rb e d  by a cadmium f i l t e r
and ep icadm ium  n e u t r o n s  w i th  e n e r g i e s  from  E , = 0 . 5 5  eV ( t h e  cd  c u t  o f fcd
e n e rg y )  t o  «>. The r e a c t i o n  r a t e  p e r  n u c le u s  can  be p r e s e n t e d  by th e  
e q u a t i o n :
Vj
R = I n ( v ) v o ( v ) d v  = I n ( v ) v g ( v ) d v  +
J n J n
fOO
n ( v ) v a ( v ) d v
0 •'0 • 'V ,
V ,
r°°
dE (4)n ( v ) d v  + 6 cr(E)E
= " th 7 0 ° 0  + 'f’e I
w here  n^^  = n e u t r o n  d e n s i t y  f o r  e n e r g i e s  up t o  E^^ = 0 .5 5  eV
v^ = 2200  ms~l and = 2200  ms”  ^ c r o s s  s e c t i o n
(f>^ = ep icadm ium  f l u x  d e n s i t y  p e r  u n i t  l o g a r i t h m i c  e n e rg y  i n t e r v a l
Bed)
I  = a c t i v a t i o n  r e s o n a n c e  i n t e g r a l  i n c l u d i n g  ^  t a i l
i . e .  I  = I '  + I^y^=  I '  + 0 .4 5  f o r  a  cadmium 
f o i l  o f  1 mm t h i c k n e s s .
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F o r  a  p u re  ^  a b s o r b e r  (no r e s o n a n c e  p e a k s .  I '  = 0 )  e q u a t i o n  (4 )
becom es:
= (J>th c o n v e n t i o n a l  th e r m a l  f l u x  f o r  n e u t r o n  e n e r g i e s  <
H ence, t h e  r e a c t i o n  r a t e  ( in d u c e d  a c t i v i t y )  c an  be c a l c u l a t e d  u s i n g  
e q u a t i o n  (5 )  i f  4 th and  a r e  known.
2 .4  P r o d u c t i o n  o f  a  R a d i o a c t iv e  I s o t o p e
The e q u a t i o n  g o v e rn in g  th e  n u c l e a r  t r a n s f o r m a t i o n s  and  th e  decay  
o f  t h e  a c t i v a t e d  p r o d u c t s  h a s  b e e n  p r e s e n t e d  by R o b in so n  (1949) and  
Lowis (1954) . I n  summary th e  r a t e  o f  f o r m a t i o n  o f  a  p a r t i c u l a r  a c t i v a t i o n  
p r o d u c t  i s :
4>m N .fo
R = (f) n  a  = ------7------ ( 6 )
w here :  n = th e  number o f  t a r g e t  atom s
<f) = t h e  n e u t r o n  f l u x  (n .cm “ ^ s “ ^) 
m = th e  mass o f  e le m e n t  i n  t h e  sp ec im en  (g)
A = th e  a to m ic  w e ig h t  o f  t h e  e le m e n t
f  = th e  f r a c t i o n  i s o t o p i c  abundance  o f  t h e  t a r g e t  n u c l i d e
= A v o g a d ro 's  num ber, 6 .0 2 3  x lO ^^m ole"!
o  = i s o t o p i c  a c t i v a t i o n  c r o s s  s e c t i o n * i f  o n l y  t h e r m a l  a c t i v a t i o n  
o c c u r r s  a  = a th *
-  1 1  -
The decay  o f  p r o d u c t  r a d i o n u c l i d e  i n  th e  spec im en  i s  g iv e n  a s  d i s i n t e ­
g r a t i o n  p e r  s e c o n d  D by t h e  fo rm u la
D = AN
Where N = t h e  number o f  t h e  r a d i o n u c l i d e  i n  t h e  spec im en  
A = th e  d e c a y  c o n s t a n t  o f  t h e  n u c l i d e  ( s “ ^).
T h e r e f o r e ,  t h e  g ro w th  o f  t h e  a c t i v i t y  o f  a  p a r t i c u l a r  r a d i o a c t i v e  
p r o d u c t  i s  t h e  d i f f e r e n c e  be tw een  th e  r a t e  o f  f o r m a t i o n  and  r a t e  o f  d ecay  
o f  t h a t  p r o d u c t .  T h is  can be  w r i t t e n  a s
d t  A
I t  h a s  b e e n  shown by F r i e d l a n d e r  and Kennedy (1949) t h a t  t h e  d i s i n t e ­
g r a t i o n  o f  r a d i o n u c l i d e  i n  t h e  sp ec im en  a f t e r  a r b i t r a r y  i r r a d i a t i o n  t im e  
t  i s
# iN . f o
N ( t )  = ( 1  -  e (7)
To t a k e  t h e  t im e  b e tw een  i r r a d i a t i o n  and c o u n t i n g ,  t  , and  t h e
w
c o u n t in g  t im e ,  t ^ ,  i n t o  c o n s i d e r a t i o n  when m e a s u r in g  th e  a c t i v i t y ,  
e q u a t i o n  (7 )  s h o u ld  be  w r i t t e n  a s :
melfN.va^) -A t. -At r, *^"c
K ( t )  -A— (1 -  e ^)e “ 1 - e ( 8)
w here  e — th e  e f f i c i e n c y  o f  t h e  c o u n t i n g  d e t e c t o r  f o r  th e  c o r r e s p o n d i n g  
e n e rg y  o f  p h o to p e a k  o f  th e  e le m e n t  o f  i n t e r e s t .
I  = t h e  i n t e n s i t y  o f  r a d i a t i o n  o f  i n t e r e s t .
-  1 2  -
By c o u n t in g  th e  in d u c e d  e q u a t i o n  ( 8) a l l o w s ,  i n  t h e o r y ,  t h e  
c a l c u l a t i o n  o f  t h e  mass m o f  t h e  e le m e n t  o f  i n t e r e s t  p r e s e n t  i n  
t h e  s a m p le .  F i g .  (2) shows th e  g ro w th  and  d ecay  o f  in d u c e d  a c t i v i t y
s a t u r a t i o n
•H
>•H
O
<
grow th  d u r in g  
i r r a d i a t i o n d e c ay  a f t e r  i r r a d i a t i o n
H a l f - l i v e s
F i g .  2 Growth and d ecay  o f  r a d i o a c t i v i t y .
The h a l f  l i v e s  o f  t h e  p ro d u ce d  i s o t o p e s  can v a r y  f rom  l e s s  t h a n  
a se co n d  t o  s e v e r a l  weeks o r  l o n g e r  d e p e n d in g  on t h e  c r o s s - s e c t i o n ,  f l u x  
and t h e  l e n g t h  o f  i r r a d i a t i o n .  To r e d u c e  th e  l e n g t h  o f  i r r a d i a t i o n  and 
conse  q u e n t l y  t h e  c o s t  o f  s a n ç l e '  a n a l y s i s ,  s h o r t  l i v e d  i s o t o p e s  p r o v id e  
t h e  p o s s i b i l i t y  f o r  s e n s i t i v e  a n a l y s i s  o f  c e r t a i n  e le m e n ts  o t h e r w i s e  
m e a s u r a b le  o n ly  th ro u g h  a lo n g  l i v e d  p r o d u c t  ( e . g .  ^^™Se, t^  = 1 7 s ,  as  
an a l t e r n a t i v e  t o  ^^Se, t^  = 1 2 0 d ) . T e c h n iq u e s  em p lo y in g  s u c h  v e r y  s h o r t  
l i v e d  i s o t o p e s  m ust by n e c e s s i t y  be i n s t r u m e n t a l  s im p ly  b e c a u s e  t h e r e  i s  
no t im e  f o r  any r a d io c h e m ic a l  s e p a r a t i o n .  By c y c l i n g  t h e  sam p le  b e tw e e n  
th e  n e u t r o n  s o u rc e  and d e t e c t o r  an e x t r e m e ly  r a p i d ,  s e n s i t i v e  a n a l y s i s  o f  
p a r t i c u l a r  e le m e n ts  can be c a r r i e d  on r o u t i n e  b a s i s .  J h i s  i s  t h e  i d e a  o f  
c y c l i c  n e u t r o n  a c t i v a t i o n  a n a l y s i s .
-  13  -
2 .5  The T heo ry  o f  C y c l i c  N e u tro n  A c t i v a t i o n  A n a ly s i s  (CNAA)
The t e c h n i q u e  o f  c y c l i c  a c t i v a t i o n  was f i r s t  s u g g e s t e d  by  C a ld w e l l  
e t  a l .  (1966) a s  p a r t  o f  a  c o m b in a t io n  n e u t r o n  e x p e r im e n t  f o r  rem o te  
e l e m e n t a l  a n a l y s i s  o f  l u n a r  and  p l a n e t a r y  s u r f a c e s .  The m ethod  was f i r s t  
t r i e d  by M i l l s  e t  a l .  (19 6 6 ,  1967) u s in g  a  14 MeV p u l s e d  n e u t r o n  s o u r c e .  
Givens e t  a l .  (1969) g iv e  t h e  m a th e m a t ic a l  a n a l y s i s  o f  c y c l i c  a c t i v a t i o n .  
However t h e  t e c h n i q u e  i n  c o n j u n c t i o n  w i t h  a  r e a c t o r  was d e v e lo p e d  i n  th e  
M e d ic a l  and E n v i ro n m e n ta l  P h y s i c s  Group (S py rou  e t  a l .  1979) a t  t h e  
U n i v e r s i t y  o f  S u r r e y  from  1970 onw ards u s i n g  th e  i r r a d i a t i o n  f a c i l i t i e s  o f  
t h e  U n i v e r s i t y  o f  London R e a c to r  C e n t r e .
The b a s i c  q u a n t i t y  o f  c y c l i c  a c t i v a t i o n  a n a l y s i s  i s  t h e  c u m u la t iv e  
d e t e c t o r  r e s p o n s e  t o  r a d i a t i o n  f ro m  t h e  i n d u c e d  a c t i v i t i e s  f o r  n  c o n s e c u t iv e  
i r r a d i a t i o n  t r a n s f e r  c o u n t  r e t u r n  c y c l e s .
L e t  T be t h e  c y c l i c  p e r i o d  w here
T = t .  + t +  t +  t ,1 w c wr
w here  t ^ ,  t ^ ,  t ^ ,  t ^ i  a r e  t h e  t im e  o f  i r r a d i a t i o n ,  th e  t im e  b e tw e en  end  o f  
i r r a d i a t i o n  and  s t a r t  o f  c o u n t ,  th e  t im e  o f  c o u n t i n g  and th e  t im e  b e tw e en  
end o f  c o u n t  and s t a r t  o r  i r r a d i a t i o n  r e s p e c t i v e l y .
I f  Dj i s  t h e  d e t e c t o r  r e s p o n s e  f o r  t h e  f i r s t  c o u n t in g  p e r i o d  t h e n
= N |£ £  (1  _  -
N th e  number o f  t a r g e t  n u c l e i  i n  t h e  sam ple  
o ,# ,E ,X  a s  d e s c r i b e d  f o r  e q u a t i o n s  6 , 7 , 8 .
For  t h e  s eco n d  c o u n t i n g  p e r i o d
-  14  -
= Di + Dje = Dj ( l  + e
and f o r  t h e  n^h  c o u n t in g  p e r i o d
= D ; ( l  + e - l T  + + . . . .  + e - ( " - l ) A ? )
Hence i t  i s  p o s s i b l e  t o  w r i t e  t h i s  e q u a t i o n  a s
- A t .  -A t -A t  , -nAT
D = ( 1 - e  b e  “ (1 -  e " “bn A 1-e -AT
Thus th e  c u m u la t iv e  d e t e c t o r  r e s p o n s e .  F i g .  3 ,  f o r  a l l  n  p e r i o d s  i s
n
’’ c = \  h  
1=1
=  N £ |£  ( 1 -
d - e - ^ b '
(9)
can be m ax im ised  by p r o p e r  s e l e c t i o n  o f  p a r a m e t e r s  and f o r  a  g iv e n
t o t a l  e x p e r im e n t  t im e  * n T ' . The maximum v a lu e  o c c u r s  when t r a n s f e r  t im e s
Ta r e  z e ro  i . e .  t  t  , = 0  and  t .  = t  = i r  .w w 1 c 2
1s t  c y c l e 2nd c y c l e
S a t u r a t i o n
T ” r “ " “
•H
T•HAJ
Time
Z Î 8 '  ^ C u m u la t iv e  D e t e c t o r  R esponse  i n  C y c l i c  A c t i v a t i o n
-  15  -
The c y c l i c  a c t i v a t i o n  m ethod i s  b e s t  s u i t e d  t o  u t i l i z e  a c t i v i t i e s  
w i t h  h a l f  l i v e s  l e s s  o r  e q u a l  t o  one m in u te  and th e  work c a r r i e d  o u t  
h e re  shows (S e c .  4 .7 )  b e t t e r  d e t e c t a b i l i t y  u s in g  th e  c o n v e n t i o n a l  
a c t i v a t i o n  f o r  h a l f  l i v e s  l o n g e r  t h a n  one m in u te  f o r  r e a s o n a b l e  t o t a l  
e x p e r im e n t  t i m e s .
2 .6  I r r a d i a t i o n  F a c i l i t i e s
A swimming p o o l  ty p e  r e a c t o r , w a s  u s e d , a s  th e  n e u t r o n  s o u r c e ,  
m o d e ra te d ,  r e f l e c t e d ,  c o o le d  and  p a r t i a l l y  s h i e l d e d  by  l i g h t  w a t e r .  The 
r e a c t o r  c o re  c o n s i s t s  o f  24 f u e l  e le m e n ts  e a c h  c o n t a i n i n g  up to  16 p l a t e s  
o f  u ran iu m  (80% a lum in ium  a l l o y  c l a d  i n  h ig h  p u r i t y  a lu m in iu m . The
r e a c t o r  c o n t a i n s  a  v a r i e t y  o f  f a c i l i t i e s  f o r  t h e  i r r a d i a t i o n  o f  sa m p le s  
and f o r  t h e  p r o v i s i o n  o f  e x t e r n a l  beams o f  n e u t r o n s .  The I n  Core I r r a d i a t i o n  
System  ( I C I S ) ,  F i g .  4 ,  p r o v id e s  f o r  t h e  f a s t  t r a n s f e r  o f  s a n p l e s  i n  and 
o u t  o f  th e  r e a c t o r  c o re  f o r  e i t h e r  s i n g l e  o r  c y c l i c  i r r a d i a t i o n .  The 
t r a n s f e r  tu b e  i s  m ounted i n s i d e  an  a lu m in iu m  tu b e  w h ich  p a s s e s  f rom  th e  
r e a c t o r  to p  th ro u g h  th e  c e n t r e  o f  t h e  c o r e .  The sam p les  w h ic h  a r e  c o n t a i n e d  
w i t h i n  p o l y th e n e  c a p s u l e s ,  1 . 8  cm d i a m e te r  and 7 cm lo n g ,  a r e  t r a n s f e r r e d  
by means o f  co m p ressed  n i t r o g e n .  The s y s te m  i s  u sed  f o r  t h e  i r r a d i a t i o n  o f  
s a n p le s  a t  th e r m a l  f l u x e s  o f  a p p r o x im a te ly  2 x lO ^^n .cm '^s*"!)  and  h a s  f l u x
t o  s e v e r a l  h o u r s .o f  'b 1 X 1 0 ^^n cm“ ^ s ”  ^ f o r  a  p e r i o d  f rom  a  seco n d  up 
I r r a d i a t e d  sa m p le s  may be e i t h e r  c y c le d  b e tw e e n  th e  c o re  and t h e  d e t e c t o r  
on th e  top  o f  t h e  r e a c t o r  o r  t r a n s f e r r e d  p n e u m a t i c a l l y  to  t h e  r a d i o c h e m i c a l  
l a b o r a t o r y .
On th e  0 °  and  270° f a c e s  o f  t h e  r e a c t o r  c o re  t h e r e  a r e  a  3 . 2  cm b o r e  
a lum in ium  t u b e .  F i g .  5 ,  t o  p r o v id e  i r r a d i a t i o n  f a c i l i t i e s  f o r  p e r i o d s  
r a n g i n g  f rom  a few  h o u r s  to  weeks w i t h  t h e r m a l  f l u x e s  o f  a p p r o x i m a t e ly
16 -
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1 x . lO ^ ^ n  and  f a s t  f l u x e s  o f  a p p r o x im a te ly  2 x lO^^n c m '^ s " ! .
Sam ples i r r a d i a t e d  i n  0 °  ..and 270° c o r e  tu b e s  i n  s t a n d a r d  a lu m in iu m  i s o t o p e  cans 
(H a rw e l l  "A" c a n s )  o r  p o l y th e n e  c a p s u l e s  2 .5  cm d i a m e te r  and  7 .5  cm lo n g .  
S e v e r a l  c a p s u l e s  may be m ounted  i n  a  c a r r i e r  w h ich  i s  i n s e r t e d  m a n u a l ly  
i n t o  t h e  i r r a d i a t i o n  t u b e .
2 .7  C o u n t in g  F a c i l i t i e s
F i g .  ( 6 ) shows t h e  s e m ic o n d u c to r  s p e c t r o m e t e r  s y s te m  u se d  i n  t h i s  
w o rk .  I n  t h e  f o l l o w i n g  two s e c t i o n s  a d e s c r i p t i o n  o f  t h e  s e m ic o n d u c to r  
d e t e c t o r s  a lo n g  w i t h  t h e  s p e c t r o m e t e r  u se d  a r e  g iv e n .
2 . 7 . 1  S e m ic o n d u c to r  d e t e c t o r s
The d e v e lo p m e n t  o f  s e m ic o n d u c to r  d e t e c t o r s  s t a r t e d  i n  1956 w i t h  th e  
f i r s t  s t u d y  o f  a germ anium  s u r f a c e  b a r r i e r  d e t e c t o r  as  a h e a v y  p a r t i c l e  
s p e c t r o m e t e r  by Mayer and  G o s s ik  ( 1 9 5 6 ) .  When p h o to n s  h i t  t h e  s e m ic o n ­
d u c t o r  d i o d e ,  germ anium  o r  s i l i c o n ,  d e p e n d in g  on t h e i r  i n c i d e n t  e n e rg y  
p h o t o e l e c t r i c ,  C o nç ton  s c a t t e r i n g  o r  p a i r  p r o d u c t i o n  p r o c e s s e s  w i l l  t a k e  
p l a c e .
S O U R C E R E A D O U T
P R E A M P
G A T E D  BIA S 
A M P
O S C I L L O ­
SC O PE
M U L T I ­
C H A N N E L
A N A L Y Z E R
C«ILil
D E T E C T O R
D E T E C T O R  
BIAS S U PP L Y
F i g .  6 S c h e m a t ic  D iag ram  o f  a  S e m ic o n d u c to r  S p e c t r o m e te r  S y s tem .
-  18  -
The c h a rg e  p ro d u ce d  i n  t h e  d io d e  c a n  b e  c o l l e c t e d  when a s t r o n g  
e l e c t r i c  f i e l d  i s  a p p l i e d  a c r o s s  t h e  d i o d e ,  ^ i n c e  no e l e c t r o n  m u l t i ­
p l i c a t i o n  o c c u r s  a s  i n  t h e  i o n i z a t i o n  cham ber, a  low n o i s e  t r a n s i s t o r i s e d  
p r e - a m p l i f i e r  i n  i n t i m a t e  c o n t a c t  w i t h  t h e  d io d e  i s  r e q u i r e d  t o  p ro d u c e  
s i g n a l s  s u i t a b l e  f o r  f u r t h e r  p r o c e s s i n g .
The germ anium  w i t h  i t s  h i g h  a to m ic  number Z (32 a g a i n s t  14i f o r  S i )  
h a s  t h e  a d v a n ta g e  o v e r  s i l i c o n  f o r  gamma r a y  s p e c t r o s c o p y  a s  t h e  p h o to ­
e l e c t r i c  a b s o r p t i o n  i s  'v o f  t h e  a b s o r b i n g  m a t e r i a l .  The germanium
b a s e d  d e t e c t o r s  have  b e t t e r  r e s o l u t i o n  i f  t h e y  a r e  m a in ta in e d  a t  l i q u i d  
n i t r o g e n  t e m p e r a t u r e s  to  r e d u c e  th e r m a l  n o i s e  a s  t h e  e n e rg y  r e q u i r e d  to  
g e n e r a t e  an  e l e c t r o n  h o le  p a i r  i s  o n ly  2 .9  eV. The two ty p e s  o f  s e m i­
c o n d u c to r  d e t e c t o r s  u s e d  i n  t h i s  work a r e
a )  A Pure-G erm anium  i n t r i n s i c  d e t e c t o r
These  d e v ic e s  make u s e  o f  t h e  i n t r i n s i c  c o n d u c t i v i t y  o f  p u re  
germanium t o g e t h e r  w i t h  t h e  e l e c t r o n  h o l e  p a i r  phenomenon. The i m p u r i t y  
c o n c e n t r a t i o n  c o u ld  go down t o  lO^O atom s cm“ ^(H ansen  1971, B e r t o l i n i  e t  
a l .  1 9 7 3 ) .  W afer shaped  p u re  germanium d e t e c t o r s  h av e  e f f i c i e n c i e s  w h ich  
d e c r e a s e  r a p i d l y  w i t h  i n c r e a s i n g  e n e rg y  w i th  a maximum a t  a b o u t  40 -50  keV 
(Matthews 1976, K e r r  1 9 7 8 ) .  The Compton c o n tin u u m  due to  i n t e r a c t i o n s  f rom  
h ig h  e n e rg y  gamma r a y s  i s  k e p t  to  a  minimum b y  th e  w a f e r  g e o m e t ry .  A t h i n  
window o f  b e ry l l ium  f o i l  i s  g e n e r a l l y  p r o v id e d  t o  r e d u c e  a t t e n u a t i o n  o f  t h e  
lo w e s t  e n e rg y  p h o t o n s .
b) G erm anium -L ith ium  d r i f t e d  d e t e c t o r  G e(L i)
D r i f t i n g  th e  e l e c t r o n  donor m a t e r i a l ,  l i t h i u m ,  i n t o  p - t y p e  germ anium  
an i n t r i n s i c  o r  com pensa ted  r e g i o n  can  be  p ro d u c e d  b e tw e e n  a p and n  ty p e
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l a y e r .  I n  t h i s  s e n s i t i v e  r e g i o n  o f  t h e  d e t e c t o r  t h e  c o n c e n t r a t i o n  o f  
n e g a t i v e  a c c e p t e r  i o n s  i s  com pensa ted  by th e  p o s i t i v e  l i t h i u m  dono r  
i o n s .
I n  o r d e r  t h a t  t h e  l i t h i u m  re m a in s  w here  i t  h a s  b e e n  d r i f t e d ,  i t  i s  
e s s e n t i a l  t h a t  G e(L i)  d e t e c t o r s  b e  k e p t  a t  l i q u i d  n i t r o g e n  t e m p e r a t u r e  
c o n t i n u o u s l y .  Ge(Li)  c r y s t a l s  now a v a i l a b l e ,  B e r t o l i n i  e t  a l .  (1973) 
w i t h  e f f i c i e n c i e s  h i g h e r  t h a n  20% o f  s t a n d a r d  5V x 5"  N a l ( T l )  
c r y s t a l  m ea su red  a t  25 cm and  a t  1 3 3 2 .4  keV.
The s i g n a l s  p ro d u c e d  i n  t h e  s e m ic o n d u c to r  d e t e c t o r s  a r e  p r o p o r t i o n a l  
t o  e n e rg y  d e p o s i t e d  i n  them , t h e  p u l s e h e i g h t  o f  t h i s  o u t p u t  e n a b le s  t h e  
e n e rg y  s p e c t ru m  o f  t h e  i n c i d e n t  p a r t i c l e s  t o  be  d e te r m in e d .
2 . 7 . 2  Gamma r a y  s p e c t r o m e te r  sy s te m
The c a p a b i l i t i e s  o f  s e m ic o n d u c to r  d e t e c t o r s  can be f u l l y  r e a l i z e d  
o n ly  i f  t h e  anc il la ry  e l e c t r o n i c  eq u ip m e n t  i s  d e s ig n e d  to  s u i t  t h e i r  
c h a r a c t e r i s t i c s .  The s y s te m  u s e d  i n  t h e  c o u n t in g  room a t  t h e  U n i v e r s i t y  
o f  London R e a c to r  C e n tre  c o n s i s t s  o f  ( w i th  r e f e r e n c e  t o  F i g .  6 ) :
a )  H .T . T h is  u n i t  s u p p l i e s  th e  r e q u i r e d  v o l t a g e  t y p i c a l l y  1 - 2  kV, and
p o l a r i t y  f o r  t h e  d e t e c t o r .
b)  Main a m p l i f i e r .  P r o v id e s  c o n s i d e r a b l e  g a i n  ( ^  100) from  t h e  a n a lo g u e
v o l t a g e  p u l s e s  (R e sea rc h  a m p l i f i e r  made b y  CanheitcL was u se d  w i t h  t h e  G e(L i)
d e t e c t o r  w h e re a s  S e fo ra d  SR300 w e re  u s e d  w i t h  t h e  Ge d e t e c t o r )  and c o n t a i n s  
p u l s e  s h a p in g  f a c i l i t i e s  to  a c h i e v e  t h e  b e s t  r e s o l u t i o n .  S h a p in g  t im e  o f  
1 -2  ys  i n  t h e  R e s e a rc h  a m p l i f i e r  and 8 y s  i n  t h e  SR300 w ere  u se d  t o  h a n d le  
h ig h  c o u n t  r a t e s  s a c r i f i c i n g  some r e s o l u t i o n .
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c) M.C.A, When o p e r a t i n g  i n  t h e  p u l s e  h e i g h t  a n a l y s i s  mode a l l  p u l s e s  
a r r i v i n g  a t  t h e  M.C.A. a r e  d i g i t i s e d  a c c o r d in g  to  t h e i r  h e i g h t .  The 
d i g i t i s i n g  i s  a c c o m p l i s h e d  by t h e  A n a l o g u e - t o - D i g i t a l  c o n v e r t e r  (A .D .C .)  
w h ich  l o c a t e s  t h e  c h a n n e l  i n  w h ic h  t h e  e v e n t s  a r e  t o  b e  s t o r e d .  The 
t im e  t a k e n  f o r  a n  A .D .C . (Laben  A .D .C . w ere  u se d )  t o  p r o c e s s  a  p u l s e  i s  
known a s  t h e  dead  t im e  d u r in g  w h ich  any  p u l s e s  a r r i v i n g  a t  t h e  M.C.A.
w i l l  be  i g n o r e d .  The dead  t im e  p e r  e v e n t  may b e  e x p r e s s e d  by
T = a  + bN + c ys
w here  a  = i n p u t  p u l s e  r i s e  t im e .
bN = a d d r e s s i n g  t im e  f o r  t h e  N^h c h a n n e l .
c = t im e  r e q u i r e d  t o  u p d a te  memory.
In .so m e  M.C.A. t h e  f i r s t  two c h a n n e l s  a r e  d e d i c a t e d  to  s t o r a g e  o f  t h e  
c lo c k  t im e  and  l i v e  t im e  o f  t h e  sy s te m , e n a b l i n g  c o r r e c t i o n s  t o  b e  made 
f o r  t h e  t o t a l  dead  t im e  o f  t h e  sy s te m . S in c e  p u l s e s  w hich  a r r i v e  a t  t h e  
M.C.A. b u t  a r e  o u t s i d e  t h e  r e g i o n  o f  i n t e r e s t  s t i l l  c o n t r i b u t e  to  t h e  
dead t im e ,  a  s i n g l e  c h a n n e l  a n a l y s e r  i s  i n c o r p o r a t e d  a s  t h e  f i r s t  s t a g e  
b e f o r e  t h e  A .D .C . t h a t  t h e  p u l s e s  may be d i s c r i m i n a t e d  a g a i n s t ,  t h u s  
lo w e r in g  t h e  d e a d - t im e .  M .C .A .’s d e s ig n e d  f o r  u s e  i n  c o n j u n c t i o n  w i t h  
G e(L i)  d e t e c t o r s  r e q u i r e  4000 c h a n n e l s ,  w h e re a s  t h o s e  t o  b e  u se d  w i t h  Ge 
d e t e c t o r s  n e e d  o n ly  1000  c h a n n e l s .
d) O u tp u t .  The M.C.A. h a s  one  o r  more modes o f  d a t a  o u t p u t  a s  w e l l  a s  a 
v i s u a l  d i s p l a y  on CRT o r  TV s c r e e n .  F o r  r a p i d  o u t p u t  and t h e  a b i l i t y  to  , 
s t o r e  l a r g e  am ounts o f  d a t a  some form  o f  m a g n e t ic  s t o r a g e  s h o u ld  b e  
p ro v id e d  a s  m a g n e t ic  t a p e  o r  d i s c ,  a t  t h e  same t im e  t h e  d a t a  c an  b e  p r i n t e d  
o r  t r a n s f e r r e d  t o  p a p e r  t a p e  b u t  t h i s  i s  v e r y  t im e  consum ing .
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2 .8  D a ta  P r o c e s s i n g
As a  r e s u l t  o f  i n t e r a c t i o n s  o f  i n c i d e n t  p h o to n s  w i t h  t h e  d e t e c t o r  
c e r t a i n  c h a r a c t e r i s t i c s  o f  t h e  e n e r g y  i n t e n s i t y  s p e c t ru m  w i l l  be  
o b t a i n e d  b y  a  gamma r a y  s p e c t r o m e t e r .  P eaks  a r e  p ro d u c e d  by  t h e  p h o to ­
e l e c t r i c  e f f e c t  and  p a i r  p r o d u c t i o n  w h e re a s  e n e rg y  t r a n s f e r r e d  by  
compton s c a t t e r i n g  w i l l  c o n t r i b u t e  t o  t h e  b a c k g ro u n d  co n tin u u m  u n d e r  
t h e  p e a k s .
I d e n t i f i c a t i o n  o f  i s o t o p e s  p r e s e n t  i n  t h e  sam ple  t h e r e f o r e  r e q u i r e s  
know ledge o f  t h e  e n e r g i e s  a s s o c i a t e d  w i t h  p e a k s  i n  t h e  s p e c t r u m .  However 
a  q u a n t i t a t i v e  d e t e r m i n a t i o n  n e e d s  an e s t i m a t i o n  o f  p eak  a r e a s  above t h e  
b a c k g ro u n d  c o n tin u u m . When o n l y  few p e a k s  a r e  p r e s e n t  . i n  t h e  s p e c t r u m  
a s im p le  hand  c a l c u l a t i o n  may be  s u f f i c i e n t  b u t  f o r  l a r g e  num bers o f  
complex s p e c t r a  some k i n d  o f  com pute r  b a s e d  t e c h n i q u e  i s  n e e d e d .
T h e re  a r e  two t e c h n i q u e s  f o r  peak  a r e a  d e t e r m i n a t i o n :  t h e  f i r s t  one 
t r e a t s  t h e  d i g i t a l  d a t a  d i r e c t l y  by  a d d in g  t o g e t h e r  t h e  raw d a t a  c o n ta i n e d  
i n  t h e  p h o to p e a k  and s u b t r a c t i n g  t h e  u n d e r l y i n g  b a c k g ro u n d  c o n t in u u m . To 
do t h i s ,  a  number o f  m ethods h a v e  b e e n  p r o p o se d  among t h e  m ost p o p u l a r  ^ r e  
th e  t o t a l  peak  a r e a  (TPA) m ethod (Y u le ,  1968) and  t h e  C o v e l l  m ethod ( G o v e l l ,  
1959, H eydron  and  L ada , 1 9 7 2 ) .  B a e d e c k e r  (1971) h a s  s t u d i e d  t h e  p r e c i s i o n  
a t t a i n a b l e  by  t h e  d i f f e r e n t  m ethods o f  gamma-ray p h o to p e a k  i n t e g r a t i o n  and  
s u g g e s te d  t h a t  a  m o d i f i c a t i o n  o f  t h e  t o t a l  p e a k  a r e a  m ethod h a s  r e l a t i v e l y  
a h i g h e r  p r e c i s i o n .
The seco.nd method o f  n e t  a r e a  c o m p u ta t io n  i s  t h e  f i t t i n g  o f  a n  
a n a l y t i c a l  f u n c t i o n ,  u s u a l l y  o f  G a u s s ia n  fo rm  r e f l e c t i n g  t h e  s t a t i s t i c a l  
n a t u r e  o f  t h e  s y s te m  n o i s e  and o f  t h e  c h a rg e  c o l l e c t i o n ,  t o  t h e  o b s e rv e d  
d a t a .  S e v e r a l  a u t h o r s  have  r e v ie w e d  t h e  c h o ic e  o f  a n a l y t i c a l  f u n c t i o n
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(McNeils and Cam pbell 1975, T akeda e t  a l .  1976) and a l s o  t h e  r e l a t i v e  
m e r i t s  o f  d i g i t a l  and f i t t i n g  m ethods (K okta  1973 , B a e d e c k e r  1976 , Y ule  and 
Rook 1 9 7 6 ) .  Most o f  them a g re e d  t h a t  a  s u i t a b l e  s im p le  a n a l y t i c a l  f u n c t i o n  
c o n s i s t s  o f  a  G a u s s ia n  d i s t o r t e d  by  t h e  a d d i t i o n  o f  e x p o n e n t i a l  t a i l s .
T h is  f u n c t i o n  form s t h e  b a s i s  o f  t h e  SAMPO gamma r a y  s p e c t ru m  a n a l y s i s  
code w r i t t e n  by R o u t t i  and P r u s s i n  (1 9 6 9 ) .  A p p r o p r i a t e l y  m o d i f i e d  SAMPO 
i s  a v a i l a b l e  a s  a  ULRC L i b r a r y  p a c k a g e ,  on  t h e  GDC 6600 m ach ine  a t  t h e  
U n i v e r s i t y  o f  London Com puting C e n t r e  (ULCC). The p r i n c i p l e s  o f  o p e r a t i o n  
o f  t h i s  p ro g ram  a r e  d e s c r i b e d  f u l l y  by  R o u t t i  1969, C a rd e r  1977 and o u t l i n e
o f  t h e  r e l e v a n t  f e a t u r e s  w i l l  b e  g iv e n  h e r e .
I n  t h e  G a u s s ia n  p l u s  e x p o n e n t i a l  r e p r e s e n t a t i o n ,  t h e  sh a p e  o f  a  peak
i s  d e f i n e d  b y  t h r e e  p a r a m e t e r s :  t h e  w id th  o f  t h e  G a u s s ia n  and  th e  d i s t a n c e s
from  t h e  c e n t r o i d  t o  t h e  j u n c t i o n  p o i n t s  w i t h  t h e  e x p o n e n t i a l  t a i l s .  T hese  
p a r a m e te r s  v a r y  sm o o th ly  w i t h  e n e rg y  and t h e r e f o r e  t h e i r  v a l u e s  f o r  any 
peak  i n  à  s p e c t r u m  may b e  found  by  i n t e r p o l a t i o n  b e tw e e n  p a r a m e t e r s  o f  
n e ig h b o u r i n g  p e a k s .  The f i r s t  s t e p  i n  a n a l y s i s  o f  a  s p e c t r u m  i s  to  u se  a 
s e t  o f  i n t e n s e  and  w e l l - i s o l a t e d  p eak s  a s  i n t e r n a l  c a l i b r a t i o n  and o b t a i n  a 
c o r r e s p o n d in g  s e t  o f  shape  p a r a m e t e r s .  T h is  t a s k  i s  p e r fo rm e d  b y  t h e  
r o u t i n e  SHAPEDO i n  w h ich  th e  peak  f u n c t i o n  and a s t r a i g h t  l i n e  b ack g ro u n d  
con tinuum  a r e  f i t t e d  t o  t h e  d a t a  by a m in i m i s a t i o n  p r o c e d u r e .  Once th e  
sh ap e  c a l i b r a t i o n  f i t  h a s  b e e n  p e r f o r m e d ,  th e  b e s t  v a l u e s  o f  t h e  sh a p e  
p a r a m e te r s  f ro m  e ach  peak a r e  s t o r e d  f o r  f u t u r e  r e c a l l .  They n e e d  o n l y  be 
c a l c u l a t e d  once  f o r  e a ch  e x p e r im e n ta l  s e t  up .
The a n a l y s i s  o f  peaks  on a  r o u t i n e  b a s i s  i s  th e n  p e r fo rm e d  by  f i t t i n g ,  
a g a in  i n  th e  l e a s t  s q u a r e s  s e n s e ,  t h e  o r i g i n a l  d a t a  p o i n t s  w i t h  t h e  peak  
sh a p e s  o b t a i n e d  by  l i n e a r  e x t r a p o l a t i o n  from  th e  c a l i b r a t e d  d a t a .  The
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r o u t i n e  FITDO i s  g e n e r a l l y  u se d  f o r  t h i s  p u r p o s e .  F i g .  (7) shows an
example o f  t h e  p r i n t o u t  o b t a i n e d  f o r  a  p a r t i c u l a r  p e a k .
A u to m a t ic  peak  s e a r c h  i s  p e r fo rm e d  by PEAKFIND. The raw d a t a  i s  
f i r s t  sm oo thed , th e  s t a t i s t i c a l  s i g n i f i c a n c e  o f  e a ch  c h a n n e l  i s  th e n  
c a l c u l a t e d  and t h i s  v a lu e  i s  com pared w i th  a  t h r e s h o l d  v a lu e  ( s e c .  2 . 10 ) 
to  d e te rm in e  i f  t h e  peak  i s  p r e s e n t .  Peaks  so  d e t e c t e d  m ust p a s s  a  shape  
t e s t  b e f o r e  a c c e p t a n c e .  Many o t h e r  c o m b in a t io n s  o f  o p t io n s  a r e  a v a i l a b l e  
i n  th e  SAMPO prog ram  su c h  as  e n e rg y  and e f f i c i e n c y  c a l i b r a t i o n  o f  th e  
s p e c t r a ,  a u to m a t ic  s e l e c t i o n  o f  p eak  f i t t i n g  i n t e r v a l s  and s e p a r a t i o n  o f  
m u l t i p l e  o r  o v e r l a p p in g  p e a k s .  A new s u b r o u t i n e ,  IDENT, h a s  b e e n  added
to  th e  l o c a l  v e r s i o n  o f  SAMPO ( C a rd e r  e t  a l ,  1978) w hich  c a r r i e s  o u t
r a d i o i s o t o p e  i d e n t i f i c a t i o n s  and e le m e n t a l  d e t e r m i n a t i o n s  a f t e r  s im p le  
o r  c y c l i c  th e rm a l  NA. A much s i m p l i f i e d  and l e s s  t im e  consum ing r o u t i n e  
ANALYSIS h a s  been  i n c l u d e d  in  th e  SAMPO c o d e .  ANALYSIS p e r fo rm s  p eak  
i d e n t i f i c a t i o n  by r e f e r e n c e  to  a l i b r a r y  o f  up to  100  gamma r a y  e n e r g i e s  s u p p l i e d  
by th e  u s e r .  C o r r e c t i o n s  f o r  dead  t im e ,  sam ple  mass and d i f f e r e n t  w a i t i n g  
t im es  be tw een  i r r a d i a t i o n  and c o u n t in g  a r e  a l l  accommodated a s  one 
c a l i b r a t i o n  v a lu e  f o r  e n e rg y  and m u l t i e l e m e n t a l  s t a n d a r d s .  Thus e n a b l i n g  
c a l c u l a t i o n ,  i f  r e q u i r e d ,  o f  e l e m e n t a l  c o n c e n t r a t i o n  i n  y g /g  i n  unknown 
sa m p le s .  F i g .  ( 8 ) shows a t y p i c a l  r e s u l t s  t a b l e  o b t a i n e d  from  th e  r o u t i n e  
ANALYSIS, D ata  may be  s u p p l i e d  t o  SAMPO e i t h e r  by p a p e r  t a p e ,  m a g n e t ic  t a p e  
o r  punched  c a rd  i n p u t .  The p rogram  r e q u i r e s  a p p r o x im a te ly  I s  c e n t r a l  
p r o c e s s o r  (CP) tim e on th e  CDC 6600 t o  f i t  one p e a k .  E x t e n s i v e  p a p e r  
p r i n t  o u t  from  th e  p rogram  i s  e l i m i n a t e d  by d i v e r t i n g  a l l  e x c e p t  t h e  p eak  
s e a r c h  and r e s u l t s  t a b l e s  o n to  m i c r o f i c h e .
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. 4 5 4 7 S E - 1 2  
4 3 E « 0 0  - . I 7 0 E - O I
. 1 4 5 E 4 0 4
. 2 3 7 E - 1 2
. 1 6 K E 4 0 4
. 1 2 9 E « 0 4
. 2 0 4 E 4 0 4
. 1 2 9 E * 0 4
FINAL GRADIENT a - . 3 8 3 E - 1 1 6 8 E - 0 9  - . 3 6 0 E - 0 8  - . 5 6 2 E - 1 2  - . 9 0 7 E - 0 7
CHAN ENERGT DEV. CONT. IHM lNa 1 9 8 .  I I I I I I I I I I I I  SERILOCARITMMIC SCALE 1 I I I I I I I I I 1 I I  XMAXa 1 7 4 9 .  I l l
1 3 6 8 . 0 . 0 0 0 - 1 . 3 3 4 8 .
1 2 6 9 . 0 . 0 0 0 - 3 . 1 3 4 8 .
1 2 7 0 . 0 . 0 0 0 - . 4 3 4 9 .
1 3 7 1 . 0 . 0 0 0 1 . 1 2 4 9 . •  '  '
1 3 7 3 . 0 . 0 0 0 - . 9 2 4 9 .
1 3 7 3 . 0 . 0 0 0 . 1 2 4 9 . .
1 3 7 4 . D.OOO - . 2 2 4 9 . . (
1 3 7 9 . 0 . 0 0 0 . 1 3 4 9 .
1 3 7 6 . 0 . 0 9 0 . 9 2 9 0 .
1 3 7 7 . 0 . 0 0 0 9 3 9 0 .
1 3 7 8 . 0 . 0 0 0 . «9 3 9 0 .
1 3 7 9 . 0 . 0 0 0 . 2 2 4 9 .
1 3 8 0 . 0 . 0 0 0 . 0 3 4 9 .
1 3 8 1 . 0 . 0 0 0 . 4 3 4 9 . .
1 3 8 3 . 0 . 0 0 0 1 . 2 3 4 9 .
1 3 8 3 . 0 . 0 0 0 . 4 2 4 9 .
1 3 8 4 . 0 . 0 0 0 . 5 3 4 9 .
1 3 8 9 . 0 . 0 0 0 3 . 3 3 4 8 .
1 2 8 6 . 0 . 0 0 0 3 . 9 2 4 8 . * .
1 3 8 7 . 0 . 0 0 0 .6 3 4 8 . * .
1 3 8 8 . 0 . 0 0 0 1 . 8 3 4 7 . *  .
1 3 8 9 . 0 . 0 0 0 - . 9 3 4 7 . .  *
1 3 9 0 . 0 . 0 0 0 - . 9 2 4 7 . .  *
1 3 9 1 . 0 . 0 0 0 . 1 3 4 6 .
1 3 9 3 . 0 . 0 0 0 . 1 3 4 6 .
1 3 9 3 . 0 . 0 0 0 . 0 3 4 5 .
1 3 9 4 . 0 . 0 0 0 . 9 3 4 9 . * .
1 3 9 5 . 0 . 0 0 0 - 3 . 9 3 4 4 . .  *
1 3 9 6 . u . o o o - 3 . 9 3 4 3 .
1 3 9 7 . 0 . 0 0 0 - . 4 3 4 3 .
1 2 9 8 . 0 . 0 0 0 - 2 . 1 3 4 2 .
1 3 9 9 . 0 . 0 0 0 . 9 3 4 1 .
1 3 0 0 . 0 . 0 0 0 . 9 3 4 1 .
1 3 0 1 . 0 . 0 0 0 .6 3 4 0 .
1 3 0 3 . 0 . 0 0 0 - . 9 3 3 9 .
1 3 0 3 . 0 . 0 0 0 .6 3 3 8 .
1 3 0 4 . 0 . 0 0 0 1 . 3 2 3 7 . 1
1 3 0 5 . 0 . 0 0 0 - 1 . 3 3 1 6 . .  I
1 3 0 6 . 0 . 0 0 0 . 9 3 3 5 . C
1 3 0 7 . o . o o u - . 6 3 3 4 . . (
1 3 0 8 . 0 . 0 0 0 - . 5 2 3 3 .
1 3 0 9 . O.OIlO - 3 . 0 3 3 2 . I
1 3 1 0 . 0 . 0 0 0 - 1 . 7 2 3 1 . .  «
I 3 I I . o . o n o . 7 3 3 0 . 1 .
1 3 1 2 . o . o o u . 5 3 2 9 . I*
1 3 1 3 . 0 . 0 0 0 - 2 . 1 3 2 8 . (
1 3 1 4 . 0 . 0 0 0 - . 3 2 2 * . .1
1 3 1 5 . u . o o o - . 5 2 2 5 . . (
1 3 1 6 . o . o w o 2 . 6 2 2 4 . (
1 3 1 7 . o . o o u 2 . 3 2 2 2 . r
1 3 1 8 . 0 . 0 0 0 1 . 0 3 2 1 . c #
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STNBOLS 1 a c o n t i n u u m  .  a  da ta  4 a  F I T  •  a  .AND* ( a  lAND* ) a  lANO. 8 a  |ANt>*ANU.
. 4 6 0 3 3 E 4 0 4  SUNCALCa . 4 5 2 3 5 E 4 0 4
RESULTS FROM THE ABOVE F I T ,  BE CRITIC AL WITH THE ERROR ESTIMATES
REJECT I F  CHISOUARE a  . 7 I 6 9 E 4 0 2  ON SICwA a  1 . 3 0 8  I S  UNACCEPTABLE, CHECK PLOT FOR " I S S I N G  PEAKS
c h a n n e l  F IT -E H R -C H  ENERGI-KEV CAL-ERR-KEV EN-CRR-KEV APEA-COUNTS F I T - E P H - P C  INTENS-CUUNT c a l - e h r - p c  i n t - e r r - pc
1 2 9 3 . 4 8 8 7  . 0 1 0 9  1 2 9 2 . 9 0 1 9
TIMES IN SECONUSa . 0 1 9  . 4 7 9
RUN NUMBER AND INDICATIVE DATA 
CSAMPLE9.
COMMENTS a
. 9 0 0 0  . 9 0 0 1  . 4 9 2 4 E * 0 4  1 . 6 4 6 6  . 4 9 2 4 E « 0 4
. 9 0 3  2 9 . 1 7 4  DATEa 3 3 / 0 7 / 7 9
0 . 0 0 0 0  1 . 6 4 6 6
0 4 1 0 0
F I T
3 4 8 .
2 4 8 .
3 4 9 .
2 4 9 .  
2 4 9 .  
2 4 9 .  
3 4 9 .
2 4 9 .  
2 9 0 .
2 5 0 .  
3 9 0 .  
3 4 9 .  
3 4 9 .  
2 4 9 .
2 4 9 .  
3 4 9 .  
3 4 9 .  
3 4 9 .
2 5 0 .  
2 5 4 .  
2 6 7 .  
3 0 8 .  
4 3 8 .  
8 4 9 .
1 7 4 6 .
1 7 2 9 .
8 0 2 .
3 3 0 .  
2 5 4 .  
2 4 4 .  
3 4 2 .  
2 4 1 .  
2 4 1 .  
2 4 0 .  
2 3 9 ,
2 3 8 .  
2 3 7 .  
2 3 6 .  
3 3 5 .
2 3 4 .
3 3 3 .  
2 3 2 .  
2 3 1 .  
73)1.
2 3 9 .  
3 3 8 .  
3 2 » .
2 3 5 .
3 3 4 .  
3 3 2 .
3 3 1 .  
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2 .9  S o u rce  o f  E r r o r s
The t e c h n iq u e  o f  n e u t r o n  a c t i v a t i o n  a n a l y s i s  h a s  i t s  own a d v a n ta g e s  
b u t  a l s o  i t s  own p a r t i c u l a r  s e t  o f  e r r o r s .  These e r r o r s  s h o u ld  be  
m in im ise d  i f  n o t  e l i m i n a t e d .  As th e  c o m p a ra to r  m ethod i s  u se d  th e  s o u r c e s
o f  e r r o r  i n  e a c h  s t e p  o f  t h e  a n a l y s i s  a r e  g iv e n  b e lo w .
i )  S a n p le  and s t a n d a r d  p r e p a r a t i o n
D i f f e r e n t  s o u r c e s  o f  e r r o r s  can  b e  i n t r o d u c e d  d u r in g  s a n g l e  and 
s t a n d a r d  p r e p a r a t i o n ,  t h e s e  a r e :
a)  C o n ta m in a t io n  The c o n ta m in a t io n  o f  sam ple  and s t a n d a r d  by 
t r a c e  e le m e n t s  o r  even  th e  m ain  c o n s t i t u e n t s  d u r in g  sa m p l in g  
may o c c u r  from  th e  e n v i ro n m e n t  o f  th e  sa m p le ,  t h e  sam ple  
o p e r a t i o n  i t s e l f  and th e  o p e r a t i n g  p e r s o n n e l .  I n  t h e  c a s e  
o f  b io m e d ic a l  sam p les  e x t r a c e l l u l a r  f l u i d s  and t i s s u e  a ro u n d  
t h e  s a iq j le  c o n s t i t u t e  th e  e n v iro n m e n t  o f  th e  s a m p le .  The 
c o n ta m in a t io n  may a r i s e  from  d u s t  and v o l a t i l e  c o n ta m in a n t s  i n  
a i r .  I n  a d d i t i o n ,  t h e  s a m p l in g  t o o l s  may c o n t r i b u t e  t o  
v a r i o u s  t r a c e  e le m e n t  c o n ta m in a t io n  t o  a m arked d e g r e e .  U sing  
s m a l l  n e e d l e  b i o p s i e s  V e r s i e c k  1972, 1 9 7 3 ,showed t h a t  up t o  
10% p o s i t i v e  e r r o r s  c o u ld  o c c u r  f o r  i r o n  and a p o s i t i v e  e r r o r
up t o  30-50% can  be in d u c e d  f o r  m anganese .
b) W eigh ing  F o r  th e  s i z e s  u s e d  i n  NAA (< .5g )  a  b a l a n c e  c a p a b le  
o f  r e a d i n g  t o  100  yg  o r  b e t t e r  w i l l  e n s u re  t h a t  u n c e r t a i n t i e s  
a r e  g e n e r a l l y  < 0.1%. The e x a c t  n a t u r e  o f  t h e  w e ig h e d  m a t e r i a l  
w i l l  g iv e  r i s e  t o  f u r t h e r  e r r o r  as th e  sam ple  c o n t e n t  may be  
s i g n i f i c a n t  i n  c a se  o f  p r o p e r  d r y in g  n o t  b e in g  c a r r i e d  o u t .
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c) H om ogeneity  and d e n s i t y  The h o m o g en e i ty  e f f e c t  may t a k e  th e  form  
o f  v a r i a t i o n  o f  e le m e n ts  o f  i n t e r e s t  i n  th e  s a n q jle ,  r e s u l t i n g  
i n  an e f f e c t i v e  c o n f i g u r a t i o n  v a r i a t i o n .  V a r i a t i o n  o f  d e n s i t y  
b e tw een  sa m p le s  and s a n g l e s  and s t a n d a r d  can  b e  s i g n i f i c a n t  due 
to  p h o to n  s e l f  a b s o r p t i o n  p r o b le m s .  I t  h a s  b e e n  shown by 
B e c k e r  (1974) t h a t  th e  d e n s i t y  e f f e c t  i s  n o t  s i g n i f i c a n t  f o r  
s m a l l  c h a n g es  i n  b lo o d  d e n s i t y  ( l e s s  t h e n  .1  u n i t ) .  T hus ,  f o r  
v e r y  s m a l l  changes  i n  d e n s i t y  no s i g n i f i c a n t  p ro b le m s  e x i s t  
w i t h  h i g h  e n e rg y  y - r a y s .  How ever, when low e n e rg y  gamma o r  
X -ray s  a r e  u s e d  f o r  a n a l y s i s ,  o r  f o r  l a r g e  changes  i n  d e n s i t y ,  
as w ould  be  e x p e c t e d  from  a  c o m p a r iso n  o f  an  aqueous  s t a n d a r d  
t o  a  n o n - d e s t r u c t i v e  s o l i d  s a m p le ,  d i f f e r e n c e s  i n  c o u n t  r a t e  
due to  d e n s i t y  v a r i a t i o n s  upwards o f  10% c o u ld  e a s i l y  be 
e n c o u n te r e d .  These  s t r o n g l y  e n d o r s e  th e  p r a c t i c e  o f  u s in g  
s t a n d a r d s  i n  a  m a t r i x  s i m i l a r  to  t h a t  o f  t h e  s a m p le .
i i )  I r r a d i a t i o n  c o n d i t i o n
The c h o ic e  o f  th e  i r r a d i a t i o n  s o u r c e  o b v io u s ly  a f f e c t s  th e  
s e n s i t i v i t y ,  d e t e c t a b i l i t y  and s e l e c t i o n  o f  t r a c e  e l e m e n t s  o f  
i n t e r e s t .  I n  th e  NAA r e a c t o r  t h e  f a c t o r s  w h ich  a f f e c t  t h e  f i n a l  
r e s u l t s  a r e :
a) F lu x  v a r i a t i o n s  can i n t r o d u c e  a s i g n i f i c a n t  s y s t e m a t i c  b i a s  
t o  t h e  a n a l y t i c a l  r e s u l t s .  The m ain  s o u r c e  o f  e r r o r  i s  due t o  
th e  f a c t  t h a t  s t a n d a r d  and sam p le  a r e  n o t  e x p o s e d  t o  t h e  same 
n e u t r o n  f l u x .  To overcom e t h i s  p ro b le m  s t a n d a r d s  and  s a n p l e s  
s h o u ld  b e  i r r a d i a t e d  s im u l t a n e o u s l y  o r  u s in g  i n t e r n a l  s t a n d a r d  
a s  p ro p o s e d  by  L e l i a e r t  e t  a l .  ( 1 9 5 8 ) .  The f l u x  v a r i e s  w i t h  
i r r a d i a t i o n  p o s i t i o n  ( s e c .  4 .8 )  and f o r  t h i s  r e a s o n  s t a n d a r d
— 2 8  —
and sam ple  s h o u ld ,  i f  p o s s i b l e ,  be  i r r a d i a t e d  t o g e t h e r  i n  
one c o n t a i n e r ,
b) Knowledge o f  t h e  n e u t r o n  e n e rg y  s p e c t ru m  i s  i m p o r t a n t  f o r  th e  
e v a l u a t i o n  o f  f a s t  n e u t r o n  r e a c t i o n s  w hich  may o c c u r  i n  th e  
s a m p le .  The ( n , p ) , ( n , a )  and ( n ,2 n )  r e a c t i o n s  a r e  o f  g r e a t e s t  
i n t e r e s t  s i n c e  th e y  may o c c u r  w i t h  o t h e r  e le m e n ts  p r e s e n t  i n  
th e  sam ple  ( 6 . 2 . 2 ) o r  s t a n d a r d  th u s  a l s o  fo rm in g  th e  i n d i c a t o r  
i s o t o p e .  The c r o s s  s e c t i o n  o f  t h e s e  i n t e r f e r i n g  r e a c t i o n s  a r e  
g e n e r a l l y  q u i t e  low compared t o  th e  ( n ,y )  a c t i v a t i o n  c r o s s  
s e c t i o n ,  so  t h e s e  r e a c t i o n s  n o r m a l ly  c a u se  s e r i o u s  i n t e r f e r e n c e  
o n ly  i n  th e  p r e s e n c e  o f  m a c r o - q u a n t i t i e s  o f  t h e  i n t e r f e r i n g  
e l e m e n t s .
c) S e l f  s h i e l d i n g  No sam ple  i s  e n t i r e l y  f r e e  o f  f l u x  a t t e n u a t i o n  
i n  th e r m a l  a c t i v a t i o n ,  as  a l l  e le m e n ts  have  a f i n i t e  c a p tu r e  
c r o s s  s e c t i o n  f o r  th e r m a l  n e u t r o n s .  S e v e r a l  a u t h o r s  ( Z w e i f e l  
1960, Okada 1962, Kenna e t  a l .  1966) t r i e d  to  c a l c u l a t e  a 
c o r r e c t i o n  f a c t o r  f o r  n e u t r o n  s h i e l d i n g  by sam ple  and s t a n d a r d  
b u t  i n  m ost c a s e s  th e y  a r e  o n ly  v a l i d  i f  r e s o n a n c e  a b s o r p t i o n  
i s  n e g l i g i b l e .
i i i )  M easurem ent c o n d i t i o n s
E x p e r im e n ta l  r e s u l t s  (Becke 19 76) have  d e m o n s t r a te d  t h a t  a p p r o p r i a t e  
c a r e  m ust be  shown to w a rd s  the many p a r a m e te r s  i n v o lv e d  i n  t h e  
v a r i o u s  d e t e c t i o n  sy s tem s  i f  good a n a l y t i c a l  a c c u r a c y  and p r e c i s i o n  
a r e  t o  b e  c o n s i s t e n t l y  o b t a i n e d .  The d i f f e r e n c e s  i n  s o u r c e  c o n f i ­
g u r a t i o n  b e tw e en  sam p les  o r  b e tw e en  sam ple  and s t a n d a r d  can  p r o d u c e
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v e r y  s i g n i f i c a n t  v a r i a t i o n s  i n  t h e  c o u n t  r a t e .  G e(L i)  d e t e c t o r s  
h a v e  u s u a l l y  s m a l l  c o u n t in g  e f f i c i e n c i e s  and v a r y  w i t h  p h o to n  
e n e rg y ,  d i s t a n c e  o f  th e  sam ple  from  th e  d e t e c t o r ,  d i a m e te r  and 
t h i c k n e s s  o f  t h e  s a m p le ,  A sam p le  w i th  d i a m e te r  o f  2 cm w i l l  
h a v e  a  r e l a t i v e  p h o to p e a k  e f f i c i e n c y  5% l e s s  th a n  a  p o i n t  s o u r c e  
a t  e x a c t l y  t h e  same d i s t a n c e  from  G e(L i)  d e t e c t o r  ( H e f t ,  1976) and to  
keep  th e  p h o t o n s / s e c o n d  e r r o r  due to  h e i g h t  u n c e r t a i n t y  b e lo w  1% th e  
sam ple  h e i g h t  u n c e r t a i n t y  m ust  b e  k e p t  be low  0 .1  mm. A l s o ,  t h e r e  
i s  an e r r o r  in v o lv e d  i n  th e  r e p r o d u c i b i l i t y  o f  p o s i t i o n i n g  th e  
i d e n t i c a l  sa m p le s  a t  a  chosen  f i x e d  g e o m e try .
When th e  above p a r a m e te r s  a r e  n e g l i g i b l e ,  th e  c o u n t in g  s t a t i s t i c s  w i l l  
d e te rm in e  th e  e r r o r .  T h is  e r r o r  i s  d e p e n d e n t  on th e  p r e c i s i o n  o f  a r e a  
d e t e r m i n a t i o n  w h ic h  v a r i e s  w i t h  r e l a t i v e  w id th  chosen  ( Q u i t t n e r ,  1 9 7 5 ) ,  
b a s e l i n e  c o n s t r u c t i o n  u s e d  and p e a k :  b a s e l i n e  h e i g h t  r a t i o .  How ever, th e  
a c t i v i t y  o f  th e  s o u r c e  i s  e s t i m a t e d  by th e  d i f f e r e n c e  b e tw e en  th e  o b s e rv e d  
a c t i v i t y  from  th e  s o u rc e  and th e  n a t u r a l  b a c k g ro u n d  a c t i v i t y ,  r e s o l v i n g  th e  
s o u rc e  a c t i v i t y  from  t h a t  due t o  t h e  b a c k g ro u n d  l e a d  us to  t h e  c o n c e p t  o f  
th e  d e t e c t i o n  l i m i t s ,
2 ,1 0  D e t e c t i o n  l i m i t s
Terms su c h  as low er  l i m i t  o f  d e t e c t i o n  ( S t e r l i n s k i ,  1 9 6 6 ) ,  d e t e c t i o n  
s e n s i t i v i t y  (Wing e t  a l . ,  1 9 6 7 ) ,  s e n s i t i v i t y  (Koch, 1 9 6 0 ) ,  minimum d e t e c t a b l e  
a c t i v i t y  ( o r  m ass) (W att  e t  a l . ,  1964) and l i m i t  o f  g u a r a n t e e  f o r  p u r i t y  
( K a i s e r ,  1 9 6 5 ) ,  a l l  u s e d  w i th  a p p ro x im a te ly  e q u i v a l e n t  m e a n in g s .  F u r t h e r ­
more C u r r i e  (1968) i n t r o d u c e d  t h r e e  s p e c i f i c  l e v e l s  1) a  " d e c i s i o n  l i m i t "  
a t  w hich  one may d e c id e  w h e th e r  o r  n o t  th e  r e s u l t s  o f  an a n a l y s i s  i n d i c a t e s  
d e t e c t i o n ,  2 ) a  " d e t e c t i o n  l i m i t "  a t  w h ich  a g iv e n  a n a l y t i c a l  p r o c e d u r e  may 
be  r e l i e d  upon t o  l e a d  to  d e t e c t i o n ,  and 3) a " d e t e r m i n a t i o n  l i m i t "  a t  w h ich
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a g iv e n  p r o c e d u r e  w i l l  b e  s u f f i c i e n t l y  p r e c i s e  t o  y i e l d  a  s a t i s f a c t o r y  
q u a n t i t a t i v e  e s t i m a t e .  However, i t  i s  g e n e r a l l y  a g re e d  t h a t  th e  fu n d a ­
m e n ta l  l i m i t  on  th e  d e t e c t i o n  o f  a  p e a k  i s  due to  th e  s t a t i s t i c a l  
f l u c t u a t i o n s  i n  th e  b a c k g ro u n d  co n tin u u m . I f  i t  i s  assumed t h a t  th e  c o u n ts  
i n  th e  b a c k g ro u n d  (B) u n d e r l y i n g  a p e a k  a r e  P o i s s o n  d i s t r i b u t e d ,  t h e  
s t a n d a r d  d e v i a t i o n  i s  ± >^. Thus th e  s m a l l e s t  s i g n a l ,  S ,  d e t e c t a b l e  above 
th e  b a c k g ro u n d  may b e  e x p r e s s e d  as  m u l t i p l e  o f  th e  s t a n d a r d  d e v i a t i o n .
S = f  / b
The b a c k g ro u n d  i s  d e f i n e d  as t h e  co n tin u u m  c o u n ts  u n d e r l y i n g  th e  p eak  " f u l l  
w id th  a t  t e n t h  maximum" FWTM. These  l i m i t s  e n c l o s i n g  ^  97% o f  a  G a u s s ia n  
t o t a l  peak  a r e a ,  f ,  i s  a m u l t i p l e  o f  th e  s t a n d a r d  d e v i a t i o n  w hich  d e te r m in e  
th e  p r o b a b i l i t y  o f  m aking an e r r o r  o f :
Type I ,  a ,  t h e  m easu red  v a lu e  s t a t e s  t h a t  t h e r e  i s  a  p e a k  w h e re ,  i n  f a c t ,  
t h e r e  i s  no  peak  
o r / a n d
Type I I ,  3 ,  t h e  m easu red  v a lu e  s t a t e s  t h a t  t h e r e  i s  no  p e a k ,  w h e re ,  i n  f a c t ,  
t h e r e  i s  a  p e a k .
I t  can b e  shown t h a t  i f  th e  c r i t e r i o n  f o r  d e t e c t a b i l i t y  i s  f  Æ ,  th e  
s t a t i s t i c a l  p r e c i s i o n  o f  t h e  n e t  s i g n a l  c o u n t  i s  -  ^ % ( R o b e r t s o n  e t  a l
V )
(1 9 7 5 ) .  T a b le  ( 1 .1 )  shows a s e l e c t i o n  o f  t y p i c a l l y  e n c o u n te r e d  v a l u e s  o f  f ,  
t o g e t h e r  w i th  th e  c o r r e s p o n d in g  r i s k  o f  a  ty p e  I  o r  I I  e r r o r  and th e  
s t a t i s t i c a l  p r e c i s i o n  o f  t h e  n e t  s i g n a l .  I n  t h i s  g roup  th e  d e t e c t i o n  l i m i t  
i s  e x p r e s s e d  w i t h  f  = 2 and th e  q u a n t i t a t i v e  d e t e r m i n a t i o n  i s  o f t e n  s e t  w i t h  
f  = 7 .
I n  th e  p e a k  s e a r c h  r o u t i n e ,  PEAKFIND, i n  th e  SAMPO p ro g ra m , th e  
minimum d e t e c t a b l e  a m p l i tu d e  i s .
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V n  = 1-33 T
v
w here  t = t h e  t h r e s h o l d  s i g n i f i c a n c e  f o r  peak  f i t t i n g
a = a v e ra g e  G a u s s ia n  p eak  w id th  p a r a m e te r
T = 4 .0  w here  u s e d  and w i t h  a -  1 .2  f o r  a  t y p i c a l  G e(L i)  d e t e c t o r
g iv e s  -  4 .8 5  . T h is  s u g g e s t s  t h a t  t h e  c o n f id e n c e  l i m i t  i n v o lv e d
i n  u s in g  SAMPO i s  h i g h e r  th a n  t h a t  b a s e d  on th e  2Vb c r i t e r i o n  i . e .  > 96.4% 
by  i n s p e c t i o n  o f  t a b l e  ( 1 . 1) .
T a b le  ( 1 .1 )
S t a t i s t i c a l  E r r o r s  A s s o c i a t e d  w i t h  The L im i t  o f  D e t e c t i o n
ot — 3(%) 0 . 0 2 1 . 3 .6 5 10 16 20
f 7 4 .6 3 .6 3 .3 2 . 6 2 1 .7
± (%) 20 30 39 43 55 71 84
-  32 -
CHAPTER 3
INTRODUCTION TO ELECTRON MICROSCOPY AND X-RAY MICROANALYSIS
3 .1  I n t r o d u c t i o n
E le m e n ta l  a n a l y s i s  can b e  p e r fo rm e d  on sam p les  t h a t  a r e  o r d e r s  o f  
m ag n i tu d e  s m a l l e r  th a n  s a n g le s  t h a t  can  b e  a n a ly s e d  by  t h e  n e u t r o n  
a c t i v a t i o n  t e c h n i q u e .  E lem en ts  w i t h i n  s u b s t r u c t u r e s  o f  c e l l s  can  b e  
i d e n t i f i e d  and  q u a n t i f i e d  u s in g  th e  e l e c t r o n  p r o b e  m i c r o a n a l y s e r  (EPMA) 
w here  t h e  c h a r a c t e r i s t i c  X -ray s  w h ich  a r e  e m i t t e d  as  a  r e s u l t  o f  e l e c t r o n  
bombardment can  y i e l d  c o m p o s i t i o n a l  i n f o r m a t i o n .  E x te n d in g  th e  m a g n i f i ­
c a t i o n  beyond  t h a t  o f  th e  l i g h t  m ic ro sc o p e  t o  show f i n e r  d e t a i l s  o f  
m orpho logy , by means o f  an  e l e c t r o n  m ic r o s c o p e ,  r e s u l t s  i n  b e t t e r  u n d e r ­
s t a n d i n g  o f  t h e  r e l a t i o n s h i p  b e tw e en  s t r u c t u r e  and f u n c t i o n s  i n  b i o l o g i c a l  
s p e c im e n s .
Some o f  t h e  b a s i c  p r i n c i p l e s  and t h e  i n s t r u m e n t s  u se d  a r e  d i s c u s s e d  
i n  th e  f o l l o w i n g  p a r a g r a p h s .
3 .2  E l e c t r o n  I n t e r a c t i o n s  i n  M a t e r i a l s
When a beam o f  e n e r g e t i c  e l e c t r o n s  i n t e r a c t s  w i t h  m a t t e r ,  t h e  m ost  
im p o r t a n t  e f f e c t s  a r e  shown d i a g r a m m a t i c a l ly  i n  F i g .  ( 3 .1 )  and t h e s e  a r e :
a) E l a s t i c  s c a t t e r i n g  T h is  e f f e c t  i s  c a u s e d  m a in ly  by  i n t e r a c t i o n s  w i t h  
th e  n u c l e u s ,  a  s i g n i f i c a n t  d e v i a t i o n  from  t h e  i n c i d e n t  d i r e c t i o n  o c c u r s .
I t  i s  c o n v e n ie n t  t o  t h i n k  o f  th e  e l a s t i c  s c a t t e r i n g  p r o c e s s  as  o c c u r r i n g  
i n  two p a r t s :  i )  R u th e r f o r d  s c a t t e r i n g , w h ich  o c c u r s  i n  t h e  Coulomb f i e l d
o f  th e  n u c le u s  w hereby  a  s i n g l e  s c a t t e r i n g  a c t  may r e s u l t  i n  a  l a r g e  change
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Figure 3 .1 A d iagram  showing the most im portant forms of interaction 
between a beam o f  high-energy incident electrons and a piece o f  matter.
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o f  d i r e c t i o n .  A s im p le  R u t h e r f o r d  c r o s s  s e c t i o n  i s  u s u a l l y  found  t o  b e  
a d e q u a te  such  a s :
do(8) _ e ‘*(Z-F(9))^ .
1 6 E 2 s in ‘* ( | )
w here  e i s  t h e  e l e c t r o n  c h a r g e ,  Z t h e  a to m ic  num ber o f  th e  n u c l e u s ,  E i s  
th e  i n c i d e n t  e l e c t r o n  e n e rg y  and 0 i s  t h e  a n g le  o f  d e f l e c t i o n  o f  t h e  
e l e c t r o n .  The f a c t o r  f ( 0 )  a l lo w s  f o r  th e  s c r e e n i n g  e f f e c t  o f  t h e  a to m ic  
e l e c t r o n s  and d o m in a te s  a t  s m a l l  a n g le s  b u t  i s  n e g l i g i b l e  f o r  l a r g e  a n g l e s .  
T h is  e x p r e s s i o n  i s  an a p p ro x im a t io n  and becomes i n a d e q u a te  f o r  low e n e rg y  
e l e c t r o n s  (< 5 k e V ) . V a lues  c a l c u l a t e d  u s in g  Eq. (1) show good a g re e m e n t  
w i t h  e x p e r im e n ta l  r e s u l t s  as  r e p o r t e d  by  B ishop  (1 9 6 7 ) .  i i )  M u l t i p l e  
s c a t t e r i n g , w hich  i s  composed o f  many s m a l l  a n g le  s c a t t e r i n g  e v e n t s .  I n  e a ch  
o f  t h e s e  s m a l l  a n g le  e v e n t s ,  th e  e l e c t r o n  p a s s e s  th ro u g h  t h e  e l e c t r o n  c lo u d  
o f  t h e  a tom , w hich  a c t s  on a s c r e e n i n g  f i e l d  f o r  th e  n u c l e u s .  M u l t i p l e  
s c a t t e r i n g  may a l s o  r e s u l t  i n  a  l a r g e  change o f  d i r e c t i o n  o f  t h e  im p in g in g  
e l e c t r o n  beam. No s im p le  e q u a t i o n  can b e  u s e d  to  d e s c r i b e  th e  c r o s s  s e c t i o n  
o f  t h i s  s c a t t e r i n g  e f f e c t .
b) I n e l a s t i c  s c a t t e r i n g  T h is  i s  c a u se d  b y :  i )  i n e l a s t i c  i n t e r a c t i o n  w i t h
xi'
t h e  a to m ic  n u c l e u s . The moving e l e c t r o n s  l o s e  t h e i r  e n e rg y  i n  th e  Coulomb 
f i e l d  o f  t h e  n u c le u s  and e m i t  con tinuum  X - r a y .  i i )  i n e l a s t i c  i n t e r a c t i o n  w i t h  
t h e  bound e l e c t r o n s , th e  e n e rg y  l o s t  f ro m  t h e  m oving e l e c t r o n s  and t h e  
l o o s e l y  bound e l e c t r o n s  a r e  e j e c t e d .  The e j e c t e d  e l e c t r o n s  h a v e  an e n e rg y  
t y p i c a l l y  l e s s  th a n  o r  e q u a l  t o  50 eV and a r e  c a l l e d  s e c o n d a r y  e l e c t r o n s .
A v a r i e t y  o f  i o n i z a t i o n  p r o c e s s e s  r e s u l t s  from  i n e l a s t i c  c o l l i s i o n s ,  one o f  
t h e s e  r e s u l t s  i s  th e  p r o d u c t i o n  o f  c h a r a c t e r i s t i c  X - ra y  l i n e s .  B e th e  (1930) 
o b t a i n e d  a t h e o r e t i c a l l y  d e r i v e d  e q u a t i o n  f o r  t h e  e n e rg y  l o s s  as  m ea su red
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a lo n g  th e  e l e c t r o n  p a th  i n  te rm s  o f  mean e n e rg y  and th e  p a t h  l e n g h t  
dx
dE 1 .166E
“  = 2Tre‘*N„ t n  ------ = r - ^  (2)dx 0 A E Jm
w here  e i s  th e  e l e c t r o n i c  c h a r g e ,  p i s  th e  p h y s i c a l  d e n s i t y ,  Z i s  t h e  
a to m ic  num ber, A i s  t h e  w e i g h t  o f  e le m e n t  c o n c e rn e d  and  N i s  A vogadaro*s  
num ber. The f a c t o r  J  i s  c a l l e d  t h e  mean i o n i z a t i o n  p o t e n t i a l  o f  s c a t t e r i n g  
e le m e n t  and i s  t h e  a v e ra g e  e n e rg y  l o s s  p e r  i n t e r a c t i o n  o f  th e  i n d i v i d u a l  
e n e rg y  l o s s  p r o c e s s e s ,  A m ore  c o n v e n ie n t  fo rm  o f  w r i t i n g  e q u a t i o n  (2 )  i s  
u s in g  th e  s to p p i n g  power S d e f i n e d  as
w hich  i n d i c a t e s  t h e  e n e rg y  l o s s  p e r  u n i t  mass t h i c k n e s s .
I t  h a s  b e e n  shown by Duncumb and Reed (1968) u s in g  e m p i r i c a l  d a t a  
t h a t  J  i n c r e a s e s  w i t h  i n c r e a s i n g  a to m ic  number above Z = 10, t h e r e f o r e  S 
i n c r e a s e s  w i t h  d e c r e a s i n g  a to m ic  num ber ( C o s s l e t t " 1964) as t h e  d e n s i t y  
dependence  i n  Eq. (2) i s  e l i m i n a t e d  by d i v i d i n g  p i n  Eq. ( 3 ) .
The p r i n c i p l e  o f  X -ray  m i c r o a n a l y s i s  i s  b a s e d  upon th e  phenomenon o f  
X -ray  p r o d u c t i o n  as a  r e s u l t  o f  i n e l a s t i c  s c a t t e r i n g ,  and th e  s c a n n in g  
e l e c t r o n  m ic ro s c o p e  (SEM) makes use  o f  t h e  s e c o n d a ry  e l e c t r o n s  e j e c t e d  
from  th e  s u r f a c e  o f  th e  sp ec im en  t o  image th e  s u r f a c e  to p o g ra p h y .
c) B a c k s c a t t e r i n g  e l e c t r o n s  These  e l e c t r o n s  a r e  p ro d u c e d  by  a l a r g e - a n g l e  
s i n g l e  e l a s t i c  s c a t t e r i n g  e v e n t  and by s m a l l - a n g l e  m u l t i p l e  e l a s t i c  
s c a t t e r i n g  e v e n t s .  The p r o b a b i l i t y  o f  e l e c t r o n s  t o  be b a c k s c a t t e r e d
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d e c r e a s e s  r a p i d l y  w i th  d i s t a n c e  b e lo w  th e  s u r f a c e  th u s  t h e  b a c k s c a t t e r e d  
e l e c t r o n  o r i g i n a t e s  p r i m a r i l y  w i t h i n  a s m a l l  f r a c t i o n  o f  t h e  e l e c t r o n  
beam r a n g e .  A t n o rm a l  i n c i d e n c e ,  th e  b a c k s c a t t e r e d  e l e c t r o n s  f o l l o w  
a p p ro x im a te ly  a c o s in e  a n g u la r  d i s t r i b u t i o n .  Monte C a r lo  m ethods 
(Love e t  a l .  1977) a r e  u s e d  t o  s tu d y  th e  b a c k s c a t t e r e d  f r a c t i o n ,  th e  
e n e rg y  and  a n g u l a r  d i s t r i b u t i o n  o f  b a c k s c a t t e r e d  e l e c t r o n s .
d) X -ra y  p r o d u c t i o n  The i n t e r a c t i o n  o f  e l e c t r o n  beam w i t h  t h e  spec im en  
l e a d s  to  t h e  p r o d u c t i o n  o f  two ty p e s  o f  X - r a y s :
i )  Continuum  X - r a y s ,  p ro d u c e d  when th e  im p in g in g  e l e c t r o n s  a r e  e l a s t i c a l l y  
s c a t t e r e d  by th e  n u c l e u s .  The i n t e n s i t y  o f  t h e  co n tin u u m  a t  any one wave­
l e n g t h  h a s  b e e n  e x p r e s s e d  b y  Kramers (1923) a s :
1% ~ i  Z(Eq -  E ) /E  (4)
w here  i  i s  t h e  beam c u r r e n t ,  Z i s  t h e  mean a to m ic  number o f  t h e  s a m p le ,
E i s  th e  e n e rg y  c o r r e s p o n d in g  to  a  p a r t i c u l a r  w a v e le n g th  o f  th e  con tinuum  
X and Eq a r e  th e  i n i t i a l  e n e rg y  o f  th e  e l e c t r o n  beam. The c o n tin u u m  
r a d i a t i o n  form s th e  b ack g ro u n d  X -ray  r a d i a t i o n  i n  a  s p e c t r u m  c o l l e c t e d  by 
th e  e l e c t r o n  p ro b e  m i c r o a n a l y s e r .  I t  i s  o f  i n t e r e s t  i n  a lm o s t  a l l  i n s t a n c e s  
to  a t t e m p t  to  keep  th e  con tinuum  r a d i a t i o n  t o  a  minimum.
i i )  C h a r a c t e r i s t i c  X - r a y s ,  p ro d u ce d  by th e  i n t e r a c t i o n  o f  i n c i d e n t  e l e c t r o n s  
w i t h  th e  i n n e r  s h e l l  e l e c t r o n s  o f  th e  atoms i n  th e  s a m p le .  I f  th e  i n c i d e n t  
e l e c t r o n  h a s  enough e n e r g y ,  i t  may remove K, L o r  M i n n e r  s h e l l  e l e c t r o n s  
and l e a v e  t h e  atom  i n  an e x c i t e d  o r  i o n i z e d  s t a t e .  The atom  r e t u r n s  t o  i t s  
g round  s t a t e  by t h e  t r a n s i t i o n  o f  an o u t e r  e l e c t r o n  i n t o  th e  v a c a n c y  i n  t h e  
i n n e r  s h e l l .  When th e  r e l a x a t i o n  o f  th e  atom b a c k  t o  t h e  o r i g i n a l  s t a t e  
o c c u r s ,  th e  atom l o s e s  e n e rg y  i n  th e  p r o c e s s  by  th e  e m i s s io n  o f  p h o to n s  o f
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X r a y  r a d i a t i o n .  S in c e  t h e  e l e c t r o n s  a r e  i n  d i s c r e t e  e n e rg y  l e v e l s ,  t h e  
e m i t t e d  X—r a y  p h o to n  w i l l  a l s o  h a v e  a  d i s c r e t e  e n e rg y  e q u a l  t o  t h e  e n e rg y  
d i f f e r e n c e  b e tw e e n  th e  i n i t i a l  and  f i n a l  s t a t e s  o f  th e  a tom . T h e r e f o r e  
th e  w a v e le n g th s  o f  t h e  c h a r a c t e r i s t i c  r a d i a t i o n  a r e  s p e c i f i c  f o r  a tom s o f  
a g iv e n  a to m ic  num ber. D e t e c t i o n  o f  t h e  p r e s e n c e  o f  c h a r a c t e r i s t i c  X—ra y  
l i n e s  i n d i c a t e s  t h a t  t h e  e l e m e n t  i s  p r e s e n t  i n  th e  s a n g l e . T hese  c h a r a c t e ­
r i s t i c  l i n e s  can  a l s o  b e  u s e d  t o  o b t a i n  t h e  c o n p o s i t i o n  o f  a  s a n ç l e  o f  
i n t e r e s t .  The e m i s s io n  o f  c h a r a c t e r i s t i c  X - ra y s  can  b e  shown u s i n g  an  
e n e r g y  l e v e l  d ia g ra m  F i g .  ( 3 . 2 ) ,  The e n e rg y  o f  t h e  atom  i s  p l o t t e d  
a s su m in g  t h a t  t h e  a tom  i s  n o r m a l ly  a t  z e ro  e n e rg y  as  a  n e u t r a l  a tom .
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F i g .  3 .2  Energy level diagram for an atom (schematic). Excitation and 
emission processes indicated by arrows.
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F o r  an  in co m in g  e l e c t r o n  to  e j e c t  an  e l e c t r o n  from  th e  K s h e l l  i t  r e q u i r e s  
a  c e r t a i n  amount o f  e n e rg y  c a l l e d  th e  c r i t i c a l  e x c i t a t i o n  e n e rg y  E ^ ,
G reen and Coss l e t t  (1961) have  shown t h a t  t h e  t o t a l  num ber o f  K p h o to n  
p e r  e l e c t r o n  due to  d i r e c t  and i n d i r e c t  i o n i z a t i o n  o f  t h e  atoms o f  
th e  t a r g e t  and  t h e  e f f i c i e n c y  o f  th e  p r o d u c t i o n  i s  a  f u n c t i o n  o f  th e  
f l u o r e s c e n t  y i e l d  f o r  t h a t  e l e m e n t .  The i n t e n s i t i e s  o f  K q u a n ta  due 
to  i n d i r e c t  i o n i z a t i o n  a r e  a c o m p l ic a te d  f u n c t i o n  o f  d e p th  o f  c o n t in u o u s  
r a d i a t i o n  p r o d u c in g  i o n i z a t i o n  and d e p e n d in g  on th e  e l e c t r o n  s c a t t e r i n g  
p r o c e s s e s  i n  t h e  t a r g e t  and th e  a n g u la r  d i s t r i b u t i o n  o f  t h e  c o n t in u o u s  
r a d i a t i o n  w h e re a s  i n  d i r e c t  i o n i z a t i o n  t h e s e  i n t e n s i t i e s  a r e  p r o p o r t i o n a l  
to  th e  e l e c t r o n  p a t h  l e n g t h  and th e  number o f  e l e c t r o n s  l o s i n g  t h e i r  
e n e rg y  w i t h o u t  l e a v i n g  th e  t a r g e t  m a t e r i a l .  H en c e ,  t h e  t o t a l  num ber o f  K 
p h o to n s  can  be g iv e n  a s  t h e  number o f  q u a n ta  g e n e r a t e d  p e r  s t e r a d i a n  p e r  
e l e c t r o n  as
2 . 8  X 103 ^  + 4 .2 7  X 1 0 -1 0 (2  -  2 )^ 2 (Uo- 1)1 -07 (5)
w here R i s  u s e d  t o  a l lo w  f o r  b a c k s c a t t e r i n g  e f f e c t
C i s  Thom son-W hiddington C o n s ta n t  i n  keV^cm^g“ l t a k e n  from  t h e i r  
e n e rg y  l o s s  e q u a t i o n  E^ -  E^ = CpX, w here  Eq , E a r e  t h e  i n i t i a l  
e n e rg y  o f  th e  e l e c t r o n  beam and th e  knocked  e l e c t r o n  r e s p e c t i v e l y ,  
X i s  th e  p e n e t r a t i o n  o f  th e  e l e c t r o n  beam i n  t h e  t a r g e t  m a t e r i a l  
o f  d e n s i t y  p .
A,Z a to m ic  w e i g h t  and  a to m ic  number 
"o = Eg/E
th e  r a t i o  o f  th e  number o f  p h o to n s  t o  t h e  t o t a l  num ber o f  K
V, -  * *Kap h o to n s  I . e .
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E x p e r im e n ta l  v a lu e s  f o r  t h e  e f f i c i e n c y  o f  p r o d u c t i o n  o f  c h a r a c t e ­
r i s t i c  X - ra y  (G reen  1965) w e re  o b t a i n e d  and th e y  a r e  i n  good ag re e m e n t  
w i t h  t h e  above e q u a t i o n .
The p ro d u c e d  X -ray  c an  c a u s e  s e c o n d a ry  i o n i z a t i o n  c a l l e d  X -ray  
f l u o r e s c e n c e  t h i s  e f f e c t  w i l l  i n t r o d u c e  some e r r o r s  i n  q u a n t i t a t i o n .
I n  a d d i t i o n  to  t h i s  e f f e c t  t h e  X -ray  can s im p ly  b e  s to p p e d  en  r o u t e  to  
th e  X -ra y  d e t e c t o r  e i t h e r  by  a b s o r p t i o n  o r  s c a t t e r i n g  i n  t h e  sp e c im e n ,  
a i r  and th e  window m a t e r i a l s .  D i f f e r e n t  m a t e r i a l s  a b s o rb  X - ra y s  to  
d i f f e r e n t  d e g re e s  and a r e  c h a r a c t e r i s e d  by  t h e i r  mass a b s o r p t i o n  
c o e f f i c i e n t s .  The p r o c e s s  i s  d e s c r i b e d  by th e  r e l a t i o n s h i p :
I ,  = ( 6 )
I ^  th e  t r a n s m i t t e d  i n t e n s i t y  o f  th e  X - ra y  beam , I q i s  t h e  i n c i d e n t  X -ra y  
i n t e n s i t y ,  p th e  d e n s i t y  o f  t h e  a b s o r b i n g  m a t e r i a l ,  p /p  th e  mass a b s o r p t i o n  
c o e f f i c i e n t  and i s  r e l a t e d  t o  th e  e n e rg y  o f  th e  X - ra y  b e i n g  a b s o rb e d .
T a b le s  o f  a b s o r p t i o n  c o r r e c t i o n  o f  d i f f e r e n t  X -ray  l i n e s  ( A d le r  e t  a l .  1965, 
L in d s tro m  e t  a l .  1965, A n d e rsen  1968) f o r  many e le m e n ts  w ere  p u b l i s h e d .
The d e p th  o f  X -ray  p r o d u c t i o n  i s  r e l a t e d  to  th e  p e n e t r a t i o n  o f  t h e  
a c c e l e r a t e d  e l e c t r o n  beam and t h i s  d e p th  i s  u s u a l l y  s m a l l e r  t h a n  t h a t  o f  
e l e c t r o n s  s i n c e  X - ra y s  can o n ly  be  p ro d u c e d  a t  e n e r g i e s  above c r i t i c a l  
e x c i t a t i o n  p o t e n t i a l  ( E ^ ) .  A n d e rsen  and H a s l e r  (1966) d e v e lo p e d  a  r a n g e  
e q u a t i o n  f o r  X -ray  p r o d u c t i o n  a s :
pR(x) = 0 .0 6 4 ( E l '6 8  _ E l - 6 8 ) (7 )
w here  R(x) i s  th e  r a n g e  o f  X - ra y  p r o d u c t i o n .  A n o th e r  i m p o r t a n t  f a c t o r  i s  
th e  s p a t i a l  r e s o l u t i o n  o r  t h e  X -ray  s o u r c e  s i z e .  One can assume t h a t  th e
— 40 —
l a t e r a l  X -ray  p r o d u c t i o n  i s  th e  same as R ( x ) , th e  X -ra y  r a n g e .  T h is  r e l a t i o n  
assum es t h a t  t h e  s i z e  o f  th e  e l e c t r o n  beam i s  v e r y  s m a l l .  The t o t a l  X- 
r a y  s p a t i a l  r e s o l u t i o n  i s  t h e r e f o r e  e q u a l  t o  th e  sum o f  t h e  X - ra y  r a n g e  . 
and th e  s i z e  o f  th e  e l e c t r o n  beam (dp)  h i t t i n g  th e  sa m p le .  I n  t h e  
e l e c t r o n  m ic r o p ro b e  and SEM t h e  s i z e  o f  e l e c t r o n  beam dp i s  u s u a l l y  much 
s m a l l e r  ( d p /R (x )  ^ 0 .2 )  th a n  th e  s i z e  o f  th e  X - ra y  s o u r c e .  T h is  r e s o l u t i o n  
becomes w o rs e  i n  a  t h i c k  sanç>le as  t h e  e l e c t r o n s  w i l l  d i f f u s e  i n t o  t h e  
sam ple  and th e  c h a r a c t e r i s t i c  X - ra y s  th u s  seem t o  come from  a  p e a r  s h a p e d  
volum e o f  t h e  sp e c im en  be low  th e  s u r f a c e .  F i g .  ( 3 .3 )  shows t h e  l a t e r a l  
d i f f u s i o n  o f  e l e c t r o n s  e n t e r i n g  th e  s u r f a c e  o f  a  sp ec im en  o f  d i f f e r e n t  
• t h i c k n e s s .  The s p a t i a l  r e s o l u t i o n  can b e  e s t i m a t e d  (G reen  1963, S h im izu  
e t  a l .  1972) u s i n g  Monte C a r lo  m e th o d s .
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F i g .  3 .3  L ateral diffusion o f  electrons entering  the surface o f  a specim en. In an  u ltra th in  
specimen the diffusion is negligible.
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3 ,3  Image F o rm a t io n  i n  th e  T r a n s m is s io n  E l e c t r o n  M ic ro sco p e  (TEM)
The e l e c t r o n  m ic ro s c o p e  i s  b a s i c a l l y  a  s y s te m  o f  e l e c t r o n  l e n s e s  
w i t h  an e l e c t r o n  s o u r c e  a t  one e n d ,  a  v ie w in g  and r e c o r d i n g  s y s te m  a t  t h e  
o t h e r  end and means f o r  m o u n tin g  th e  spec im en  t o  b e  exam ined  somewhere i n  
b e tw een  them. The s i m p l e s t  i n s t r u m e n t s  have  o n ly  two image fo rm in g  l e n s e s  
( t h e  f i r s t  was d e v e lo p e d  by Ruska and h i s  c o l l e a g u e s ,  1931-1933 a t  B e r l i n  
T e c h n is c h e  H o c h s c h u le ) ;. t h e  m ost com plex h a v e  two c o n d e n s e r  and f o u r  image 
fo rm in g  l e n s e s  ( P h i l i p s ,  S ie m e n s ,  JEOL e t c , ) .  I n  fo rm in g  a t r a n s m i s s i o n  
image f o u r  fu n d a m e n ta l  p r o c e s s e s  a r e  i n v o l v e d ,  t h e s e  a r e :
i )  A b s o r p t io n  o f  e l e c t r o n s ,  w h ich  g i v e s  r i s e  to  a m p l i tu d e  c o n t r a s t ,  t h e  
d i f f e r e n c e s  i n  i n t e n s i t y  t o  w h ich  t h e  eye  i s  s e n s i t i v e .  I t  i s  g e n e r a l l y  
th e  m ost i m p o r t a n t  f a c t o r  i n  a  f o r m a t io n  o f  th e  c o n v e n t i o n a l  l i g h t  
m ic ro sc o p e  im age,
i i )  I n t e r f e r e n c e  o f  e l e c t r o n s  by, t h e  sp e c im en  g i v e s  r i s e  t o  p h a s e  e f f e c t
t o  w h ich  th e  eye  i s  c o m p le te ly  i n s e n s i t i v e .  T h is  m ust  f i r s t  b e  c o n v e r t e d  
to  a m p l i tu d e  c o n t r a s t  b e f o r e  th e  eye can a p p r e c i a t e  them , t h e  e f f e c t  i s  
known as p h a s e  c o n t r a s t ,
i i i )  D i f f r a c t i o n  e f f e c t s  w h ich  i n  g e n e r a l  d e g ra d e  th e  image by th e  f o r m a t ­
io n  o f  f r i n g e s  and h a lo e s  w hich  r e d u c e  r e s o l u t i o n  and  w h ich  may g i v e  r i s e  
t o  s p u r i o u s  im a g e s .
i v )  S c a t t e r i n g  o f  e l e c t r o n s ;  th e  i n c i d e n t  e l e c t r o n  beam w i l l  s c a t t e r  on th e  
spec im en  by  e l a s t i c  o r  i n e l a s t i c  s c a t t e r i n g  as h a s  b e e n  s e e n  b e f o r e .  
However t h e  i n e l a s t i c  s c a t t e r i n g  i s  th e  m o s t  i m p o r t a n t  e f f e c t  i n  t h e  
f o r m a t io n  o f  t h e  e l e c t r o n  m ic ro sc o p e  im a g e ,  s i n c e  t h e r e  a r e  more 
e l e c t r o n s  i n  a  sp ec im en  th a n  t h e r e  a r e  n u c l e i .
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The q u a l i t y  and r e s o l u t i o n  i n  e l e c t r o n  m ic ro sc o p e  im ages a r e  s u b j e c t  
to  two d i s t i n c t  ty p e s  o f  l i m i t a t i o n ,  one ty p e  i s  im posed by  i n s t r u m e n t a l  
d e f e c t s  i n c l u d i n g  l e n s  a b e r r a t i o n s ;  s o u rc e  s i z e ,  h ig h  v o l t a g e  and l e n s  
c u r r e n t  s t a b i l i t i e s ,  s t r a y  f i e l d s  and v i b r a t i o n  o r  r e l a t i v e  m o tio n  o f  
p a r t s  o f  t h e  o p t i c a l  s y s te m .  The se c o n d  l i m i t a t i o n  i s  s e t  by  t h e  b a s i c  
d i f f u s e n e s s  o f  t h e  i n t e r a c t i o n  o f  e l e c t r o n s  w i t h  m a t t e r .  T h is  i s  
e s s e n t i a l l y  a  c o n t r a s t  l i m i t a t i o n ,  as  t h e  c o n t r a s t  o f  an  im age i n  t h e  
e l e c t r o n  m ic ro s c o p e  i s  compounded o f  t h e  a m p l i tu d e  c o n t r a s t  due t o  
e l a s t i c  s c a t t e r i n g  and th e  p h a s e  c o n t r a s t  due t o  i n e l a s t i c  s c a t t e r i n g .  In  
g e n e r a l  th e  a m p l i tu d e  c o n t r a s t  i s  do m in an t  f o r  l a r g e  s t r u c t u r e s ,  w h i l e  th e  
p h a s e  c o n t r a s t  i n c r e a s e s  i n  im p o r ta n c e  f o r  s m a l l  s t r u c t u r e s  and  in d e e d  
becomes a lm o s t  th e  s o l e  s o u rc e  o f  c o n t r a s t  f o r  v e r y  s m a l l  o b j e c t  p o i n t s  
o f  low a to m ic  num ber.
3 .4  The s c a n n in g  E l e c t r o n  M ic ro sco p e  (SEM)
The SEM i s  s i m i l a r  t o  th e  TEM i n  t h a t  th e y  b o th  employ a  beam o f  
e l e c t r o n s  d i r e c t e d  a t  th e  s p e c im e n .  T h is  means t h a t  c e r t a i n  f e a t u r e s  a r e  
th e  same -  f o r  i n s t a n c e  th e  e l e c t r o n  g u n ,  th e  c o n d e n se r  l e n s e s  and  th e  n e e d  
f o r  a  vacuum s y s te m  -  b u t  t h e r e  t h e  s i m i l a r i t y  e n d s .  I n  t h e  SEM t h e  f i n e  beam 
o f  e l e c t r o n s  i s  s c an n e d  a c r o s s  th e  sp e c im en  by d e f l e c t o r  c o i l s ,  w h i l e  an 
e l e c t r o n  d e t e c t o r  c o u n ts  th e  num ber o f  low e n e rg y  s e c o n d a r y  e l e c t r o n s  g i v e n  
o f f  from e ach  p o i n t  on th e  s u r f a c e .  A t  t h e  same t im e  th e  s p o t  o f  a  c a th o d e  
ra y  tube  i s  sc a n n e d  a c r o s s  i t s  s c r e e n  w h i l e  t h e  b r i g h t n e s s  o f  t h e  s p o t  i s  
c o n t r o l l e d  by th e  number o f  e l e c t r o n s  c o u n te d  by  a  s e c o n d a ry  e l e c t r o n  
d e t e c t o r .  The beam o f  e l e c t r o n s  and t h e  C R T .spo t a r e  u s u a l l y  b o t h  s c a n n e d  
i n  a s i m i l a r  way t o  a  t e l e v i s i o n  r e c e i v e r ,  t h a t  i s  i n  a  r e c t a n g u l a r  s e t  o f  
s t r a i g h t  l i n e s ,  i . e .  a  r a s t e r .  T hem echan ism  by w hich  an im age i s  m a g i n f i e d  
i s  th e n  e x t r e m e ly  s im p le  and i n v o lv e s  no  l e n s e s  a t  a l l .  The r a s t e r  s c a n n e d
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by  th e  e l e c t r o n  beam on th e  sp ec im en  i s  made s m a l l e r  th a n  th e  r a s t e r  
d i s p l a y e d  on th e  CRT, The l i n e a r  m a g n i f i c a t i o n  i s  th e n  t h e  s i d e  l e n g t h  
o f  t h e  CRT d i v id e d  by th e  s i d e  l e n g t h  o f  th e  r a s t e r  on th e  s p e c im e n .
3 .5  E l e c t r o n  P ro b e  M ic r o a n a l y s e r  (EPMA)
The EPMÂ was i n t r o d u c e d  by  C a s t a i n g  ( 1 9 5 1 ) ,  w here  th e  X - ra y s  p r o d u c e d  
a l lo w  c h e m ic a l  a n a l y s i s  by  u s in g  one o r  more o f  t h e  f o l l o w i n g  modes o f  
o p e r a t i o n :
i )  S c a n n in g  X -ray  im age: An X -ra y  e m is s io n  image i s  p ro d u c e d  when
an X -ray  s i g n a l ,  r a t h e r  th a n  an  e l e c t r o n  s i g n a l ,  i s  u s e d  t o  
m o d u la te  th e  b r i g h t n e s s  o f  t h e  d i s p l a y  tu b e  d u r in g  r e c t a n g u l a r  
s c a n s .  I f  th e  X -ray  s i g n a l  comes from  a  s p e c t r o m e t e r  s e t  t o  a  
p a r t i c u l a r  c h a r a c t e r i s t i c  p h o to n  e n e r g y ,  t h e  image w i l l  b e  a  map 
o f  t h e  d i s t r i b u t i o n  o f  t h e  c o r r e s p o n d in g  e le m e n t .  F i g .  ( 7 . 1 1 b ) .
X - ra y  im ages (maps) a r e  v e ry  u s e f u l  when th e  e le m e n ts  o f  i n t e r e s t  
a r e  p r e s e n t  i n  h ig h  c o n c e n t r a t i o n  (p e r h a p s  10% o f  t h e  t o t a l  mass 
i r r a d i a t e d  by th e  e l e c t r o n  beam) . The X -ra y  im age i s  l e s s  
s a t i s f a c t o r y  when e l e m e n t a l  c o n c e n t r a t i o n s  a r e  low as  th e  c o u n t in g  
s t a t i s t i c s  become so  low t h a t  l e n g th y  e x p o s u re  i s  r e q u i r e d  and a 
l a r g e  p o r t i o n  o f  th e  p h o to n s  d e t e c t e d  may n o t  b e  dile t o  c h a r a c t e ­
r i s t i c  X -ray s  b u t  due to  t h e  u n d e r l y i n g  b a c k g ro u n d ;  t h i s  b a c k g ro u n d  
i s  m a in ly  b r e m s s t r a h lu n g  r a d i a t i o n  from  a l l  t h e  c o n s t i t u e n t  c h e m ic a l  
e le m e n ts  o f  th e  spec im en  and from  e x t r a n e o u s  s o u r c e s .
i i )  L i n e a r  s c a n s :  I n  th e  l i n e a r  s c a n  mode, u s u a l l y  t h e  s p e c t r o m e t e r
window i s  s e t  f o r  a  p a r t i c u l a r  p h o to n  e n e rg y  and th e  c o u n t i n g  r a t e  
i s  r e c o r d e d  w h i l e  t h e  p r o b e  i s  made t o  s c a n  a lo n g  a  l i n e  on th e
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spec im en  s u r f a c e .  The r e s u l t i n g  g ra p h  o f  e l e m e n t a l  d i s t r i b u t i o n  
a lo n g  th e  l i n e  i s  p a r t i c u l a r l y  u s e f u l  when s i g n i f i c a n t  v a r i a t i o n '  
i s  e x p e c t e d  o n ly  a lo n g  one d im e n s io n  i n  t h e  sp e c im e n .  To show 
p r e c i s e l y  w here  t h e  l i n e  ru n s  a lo n g  th e  spec im en  a t r i p l y  
ex p o sed  p h o to g ra p h  o f  t h e  d i s p l a y  tu b e  can  be  t a k e n .  F i g .  ( 5 .4 )  
s u p e r im p o s in g  a s e c o n d a ry  e l e c t r o n  image o f  t h e  s p e c im e n ,  a  
m ontage  o f  th e  l i n e  s c a n ,  and t h e  g ra p h  o f  th e  X - ra y  i n t e n s i t y  
a lo n g  t h a t  l i n e  o f  s c a n . U n f o r t u n a t e l y ,  no d i g i t a l  d a t a  can  be 
e x t r a c t e d  from  th e  l i n e  s c a n .
i i i )  S t a t i c  p ro b e  a n a l y s i s :  I n  s t a t i c  p r o b e  a n a l y s i s  t h e  m ic r o a r e a s
o f  i n t e r e s t  a r e  a n a ly z e d  one a t  th e  t im e .  The p ro b e  r e m a in in g  
f i x e d  on e a ch  s p o t  w h i l e  X - ra y  d a t a  a r e  a c c u m u la te d .  T h is  mode 
c o u ld  g iv e  b o th  q u a l i t a t i v e  and  q u a n t i t a t i v e  c h e m ic a l  a n a l y s i s .  
The EPMA i s  p a r t  o f  t h e  e l e c t r o n  o p t i c a l  s y s te m  w h ich  can  h a v e  
one o f  t h e  f o l l o w i n g  c o n f i g u r a t i o n s :
A. S can n in g  E l e c t r o n  M ic ro sc o p e  + X -ray  d e t e c t o r .
B. S c a n n in g  T r a n s m is s io n  E l e c t r o n  M ic ro sco p e  + X - ra y  d e t e c t o r .
C. T r a n s m is s io n  E l e c t r o n  M ic ro sco p e  + X -ray  d e t e c t o r .
The X -ray  d e t e c t i o n  f a c i l i t i e s  p r o v id e d  w i t h  an e l e c t r o n  o p t i c a l  
sy s te m  a r e :  i )  a  w a v e le n g th  d i s p e r s i v e  c r y s t a l  s p e c t r o m e t e r  (WDS) w h ic h
makes u se  o f  B r a g g 's  Law f o r  d e t e r m i n a t i o n  o f  p h o to n  w a v e l e n g t h ,
2d s i n  6 = nX ( 8)
w here  n i s  an i n t e g e r ,  X i s  t h e  X - ra y  w a v e le n g th  s u c c e s s f u l l y  d i f f r a c t e d ,  
d i s  th e  l a t t i c  s p a c i n g  o f  th e  d i f f r a c t i n g  c r y s t a l  and 0 i s  t h e  a n g le  o f  
i n c i d e n c e  (and o f  r e f l e c t i o n )  o f  t h e  X - ra y  beam a t  t h e  c r y s t a l .  A 
p r o p o r t i o n a l  c o u n te r  i s  n o r m a l ly  u s e d  i n  WDS as t h e  p h o to n  d e t e c t o r .
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i i )  E nergy  d i s p e r s i v e  s o l i d  s t a t e  d e t e c t o r  (EDS) w h ich  makes u s e  o f  th e  
s e m ic o n d u c to r  p r o p e r t i e s  ( s e e  2 . 7 . 1 ) . F i t z g e r a l d  and G a n t z e l  (1970) had  
r e v ie w e d  th e  p a r a m e te r s  w h ich  i n f l u e n c e  th e  s p e c t r o m e t e r  e n e rg y  r e s o l u t i o n ,  
e n e rg y  d e t e c t i o n  r a n g e  and c o u n t r a t e  c a p a b i l i t i e s  o f  t h e s e  d e t e c t o r s .  W hile  
Gedcke (1 9 7 2 ,  1974) re v ie w e d  t h e  m o st  w id e ly  u se d  X - ra y  d e t e c t o r  nam ely  th e  
S i ( L i )  d e t e c t o r .
3 . 6  Q u a n t i t a t i v e  X -ra y  M i c r o a n a l y s i s
The sam ple  p r e p a r a t i o n  i s  th e  m o s t  common s o u r c e  o f  u n c e r t a i n t y  i n  
X -ra y  m i c r o a n a l y s i s  o f  b i o l o g i c a l  m a t e r i a l s .  However, t h e  l a t e r a l  
d i f f u s i o n  o f  th e  e l e c t r o n  beam i n  t h e  sam ple  i s  th e  se c o n d  l a r g e s t  s o u r c e  
o f  u n c e r t a i n t y .  T h is  e f f e c t  v a r i e s  w i t h  sam ple  t h i c k n e s s  ( F i g .  3 . 3 ) .
The sam ple  i s  c o n s id e r e d  as t h i c k  when th e  im p in g in g  e l e c t r o n s  c a n n o t  
r e a c h  th e  o p p o s i t e  s u r f a c e  o f  t h e  s a m p le .  The a n a l y s i s  o f  su c h  sa m p le s  
s h o u ld  b e  c a r r i e d  o u t  by th e  SEM w i t h  X - ra y  d e t e c t i o n  f a c i l i t i e s .  On th e  
o t h e r  hand  when th e  c h a r a c t e r i s t i c  i n t e n s i t y  f o r  an  e le m e n t  i s  l i n e a r l y  
p r o p o r t i o n a l  t o  t h e  mass o f  e le m e n t  p r e s e n t ,  J a c o b  s e t  a l .  (1972 )  and 
Russ ( 1 9 7 4 ) ,  o r  to  t h e  p r o d u c t  o f  e l e m e n t a l  - c o n c e n t r a t i o n  and s p e c im en  
t h i c k n e s s  t h e  sam ple  i s  c o n s id e r e d  as t h i n .  The t h i n  sp e c im en  c a n  be  
exam ined  u s in g  th e  TEM w i t h  X -ray  d e t e c t i o n  f a c i l i t i e s .
a) T h ic k  spec im en  : I n  t h i c k  sp e c im en s  m ost o f  t h e  p ro b e  e l e c t r o n s  a r e
b r o u g h t  t o  r e s t  d i s s i p a t i n g  t h e i r  e n e rg y  c h i e f l y  i n  c o l l i s i o n s  w i t h  th e  
e l e c t r o n s  bound t o  th e  atom s o f  th e  s p e c im e n .  The c o n c e n t r a t i o n  o f  an 
e le m e n t  x  i n  t h e  spec im en  compared w i t h  a  s t a n d a r d  o f  p u r e  e l e m e n t  i s  g iv e n  
by
Cx = C ;xs
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w here  a r e  t h e  i n t e n s i t i e s  o f  c h a r a c t e r i s t i c  X - ra y  e m is s io n  from
th e  spec im en  and t h e  s t a n d a r d  r e s p e c t i v e l y .  U s in g  t h e  same s t a n d a r d  a t  
t h e  same c o n d i t i o n ,  e q u a t i o n  ( .9  ) can  be  w r i t t e n
= K w here K i s  c o n s t a n t
Not a l l  t h e  c h a r a c t e r i s t i c  X - ra y s  p ro d u c e d  i n  t h e  spec im en  and th e  
s t a n d a r d  r e a c h  t h e  d e t e c t o r  a s  some a r e  l o s t  b y  s c a t t e r i n g , a b s o r p t i o n  and 
f l u o r e s c e n c e .  H ence , c o r r e c t i o n  f a c t o r s  a r e  r e q u i r e d  t o  a c c o u n t  f o r  t h e  
e f f e c t s  o f  a to m ic  num ber. X -ray  a b s o r p t i o n  and X - ra y  f l u o r e s c e n c e  
r e s p e c t i v e l y .  The t h r e e  f a c t o r s  m ake-up w hat i s  known as  t h e  ZAF c o r r e c t i o n  
p r o c e d u r e  f o r  u s e  i n  m i c r o a n a l y s i s  o f  b u lk  s p e c im e n s .  A l th o u g h  such  
c o r r e c t i o n  p r o c e d u r e s  a r e  o f t e n  com plex m a t h e m a t i c a l l y  and a r e  f r e q u e n t l y  
c a r r i e d  on com pu te r  (Y akow itz  1 9 7 5 ) ,  i t  i s  i m p o r t a n t  t o  u n d e r s t a n d  t h e  
u n d e r l y i n g  t h e o r i e s .
Atomic Number (Z) E l e c t r o n s  e n t e r i n g  t h e  s u r f a c e  o f  a  spec im en  p e n e t r a t e  
th e  spec im en  c a u s in g  i o n i z a t i o n s  o r  t h e y  may be  s c a t t e r e d  w i t h i n  i t .  The 
p r o d u c t i o n  o f  X - ra y s  depends  on th e  i n i t i a l  e l e c t r o n  e n e rg y  and t h e  a to m ic  
number o f  t h e  s p e c im e n ,  a s  low a to m ic  number h av e  lo w e r  c r i t i c a l  i o n i z a t i o n  
p o t e n t i a l s  and v i c e  v e r s a .  Thus t h e  a to m ic  number e f f e c t  r e s u l t s  i n  a  non ­
l i n e a r  r e l a t i o n  b e tw e en  g e n e r a te d  X - ra y  i n t e n s i t y  and c o m p o s i t i o n .
A b s o r p t io n  E f f e c t  (A) X -ra y s  o p e r a t e d  a t  d i f f e r e n t  d e p th s  w i t h i n  a  sp ec im en  
m ust t r a v e l  th ro u g h  d i f f e r e n t  d i s t a n c e s  t o  l e a v e  t h e  sa m p le .  Thus t h e y  a r e  
a b s o rb e d  t o  a  d i f f e r e n t  d e g r e e .  The c o r r e c t i o n  f o r  t h i s  a b s o r p t i o n ,  C^, 
s h o u ld  t a k e  i n t o  a c c o u n t  th e  shape  o f  t h e  volum e o f  t h e  sp e c im en  p r o d u c in g  
th e  X - r a y s .  The a n g le  a t  w hich  th e  i n c i d e n t  e l e c t r o n  beam e n t e r s  t h e  
spec im en  s u r f a c e  and t h e  a n g le  a t  w h ich  t h e  X - r a y s  a r e  c o l l e c t e d  from  t h e  
spec im en  s u r f a c e .
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The F l u o r e s c e n c e  E f f e c t  (F). T'Jhen an e le m e n t  h a s  a ' c r i t i c a l  e x c i t a t i o n  
e n e rg y  lo w e r  t h a n  t h e  X -ray  p ro d u c e d  i n  t h e  sa m p le ,  i t s  a p p a r e n t  
c o n c e n t r a t i o n  w i l l  i n c r e a s e  due t o  X - ra y  f l u o r e s c e n c e .  The d e g r e e  o f  
enhancem ent d e pends  on th e  r e l a t i v e  e x c i t a t i o n  p r o b a b i l i t y ,  t h e  f l u o r e ­
s c e n t  y i e l d  and t h e  d e p th  o f  e l e c t r o n  p e n e t r a t i o n  and X - ra y  p r o d u c t i o n .
In  a d d i t i o n ,  t h e  con tinuum  r a d i a t i o n  c o n t a i n s  q u a n ta  o f  e n e rg y  s u f f i c i e n t  
t o  e x c i t e  c h a r a c t e r i s t i c  r a d i a t i o n  w h ich  become more s e r i o u s  a s  t h e  t h i c k ­
n e s s  o f  sam p les  i n c r e a s e s .  The c o m b in a t io n  o f  t h e s e  two p a r a m e t e r s  make up 
t h e  c o r r e c t i o n  f a c t o r  f o r  f l u o r e s c e n c e  C^. Thus e q u a t i o n  ( 9  ) i s  m o d i f i e d  
f o r  t h e  ZAF c o r r e c t i o n  a s :
w here  C^, C^, a r e  t h e  a to m ic  num ber. X - ra y  a b s o r p t i o n  and X - ra y  f l u o r e ­
s c e n c e  f a c t o r  r e s p e c t i v e l y .
A m a th e m a t ic a l  fo rm u la  f o r  t h e  t h r e e  c o r r e c t i o n  f a c t o r s  was o u t l i n e d  
by H a l l  ( 1 9 7 1 ) .  R u s te  e t  a l .  (1975) g iv e  a  few exam ples  o f  a  q u a n t i t a t i o n  
a n a l y s i s  o f  v e r y  l i g h t  e le m e n ts  u s in g  a  m o d i f ie d  ZAF m ethod . S a l t e r  (1968) 
found  by d o in g  900 sam ples  u s in g  t h e  ZAF m ethod t h a t  r e l i a b l e  q u a n t i t a t i v e  
a n a l y s i s  can  be  o b t a i n e d .  The s p e c i f i c  c h o ic e s  o f  t h e s e  p a r a m e t e r s  and 
c o n s t a n t s  w h ich  a r e  r e q u i r e d  f o r  t h e  c o m p u ta t io n  o f  c o r r e c t i o n s  i n  q u a n t i t a t i v e  
EPMA w ere  g iv e n  by H e i n r i c h  (1971 , 1 9 7 2 ) .
b )  T h in  spec im en  : The u s e  o f  t h i n  s e c t i o n s  y i e l d s  a  g r e a t  s i m p l i f i c a t i o n
f o r  q u a n t i t a t i v e  a n a l y s i s .  The e l e c t r o n s  l o s e  o n ly  a  s m a l l  f r a c t i o n  o f  t h e i r  
e n e rg y  i n  p a s s i n g  th ro u g h  t h e  sa m p le .  A lso  e l e c t r o n  b a c k s c a t t e r i n g  i s  
n e g l i g i b l e  and can  be i g n o r e d .  The a b s o r p t i o n  i s  n e g l i g i b l e  i n  t h i n  
s e c t i o n s .  T h is  can  be p r e d i c t e d  from  e q u a t i o n  (6 ) w here  x  i s  a  m e a s u re  o f
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on
t h e  s e c t i o n  t h i c k n e s s .  The f a c t  t h a t  a b s o r p t i o n  i s  n e g l i g i b l e  i n  t h i n  
s e c t i o n s  m eans , o f  c o u r s e ,  t h a t  s e c o n d a r y  f l u o r e s c e n c e  can  be  i g n o re d  
s i n c e  i t  i s  a  c o n seq u e n c e  o f  a b s o r p t i o n  o f  p r im a ry  X - r a y s .
T h e re  a r e  two m ain  m ethods o f  p e r f o r m in g  q u a n t i t a t i v e  a n a l y s i s  
t h i n  s p e c im e n s ,  t h o s e  a r e :
i )  The c o n tin u u m  m ethod : The c h a r a c t e r i s t i c  X - ra y  i n t e n s i t y  i s  p r o p o r t ­
i o n a l  t o  t h e  mass p e r  u n i t  a r e a  o f  t h e  e le m e n t  b e in g  i r r a d i a t e d  and th e  
t o t a l  c o n tin u u m  i n t e n s i t y  i s  p r o p o r t i o n a l  t o  t h e  mass p e r  u n i t  a r e a  o f  t h e  
w hole  spec im en  b e in g  i r r a d i a t e d  ( H a l l ,  1 9 7 1 ) .  The r a t i o  o f  t h e  c h a r a c t e ­
r i s t i c  e l e m e n t a l  i n t e n s i t y  t o  t h e  c o n tin u u m  i s  t h u s  p r o p o r t i o n a l  t o  t h e  
r a t i o  o f  e l e m e n t a l  mass t o  t h e  t o t a l  mass ( H a l l ,  Werba, 1 9 6 8 ) ,  The m ethod 
as  a p p l i e d  f o r  t h i n  specim en  g iv e n  by M arsha ll  and H a l l  (1968) i s :  c o n s i d e r  
t h a t  t h e  r e l a t i v e  c o n c e n t r a t i o n  (mass f r a c t i o n )  o f  an e le m e n t  i s  p r e s e n t e d  
by t h e  r a t i o
-  K I T  ( 10 )
w here i s  t h e  c h a r a c t e r i s t i c  X -ra y  i n t e n s i t y  and w i s  t h e  c o n tin u u m  r a d i a t ­
io n  from  t h e  sp e c im en .  The v a lu e  o f  K can  be  d e te r m in e d  when u s i n g  a 
s t a n d a r d  a s  K -  - ^ J  . H a l l  e t  a l .  (1971) d e v e lo p e d  an  e q u a t i o n  f o r  C^:
C  ( V " ) s p
"  ( V « ) s t N Z ^
S t
[A J (11)sp
w here  i s  t h e  number o f  atoms o f  e le m e n t  x p e r  u n i t  volume i n  t h e  s t a n d a r d ,  
i s  t h e  a to m ic  w e ig h t  o f  t h e  e le m e n t  x .  Exam ples w ere  g iv e n  by  H a l l  e t  a l ,  
(1973) u s in g  t h i s  fo rm u la  f o r  a n a l y s i s  o f  b i o l o g i c a l  t h i n  s e c t i o n s .
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i i )  The r a t i o  m ethod: The r e l a t i v e  e l e m e n t a l  c o n c e n t r a t i o n  (C^, C^)
i n  a  spec im en  can  be  d i r e c t l y  c a l c u l a t e d  from  t h e  r a t i o  o f  t h e i r  X - ra y  
i n t e n s i t i e s  ( I^  and 1^)
w here  i s  a  c o n s t a n t  t h a t  a c c o u n t s  f o r  t h e  r e l a t i v e  d e t e c t i o n  e f f i c i e n c y  
o f  t h e  w hole  a n a l y s i s  s y s te m . Russ (1974) h a s  shown t h a t  can  b e  d e r i v e d  
from  t h e o r y  w i t h o u t  s t a n d a r d s  u s in g  t h e  f o rm u la
K = Q .w .R .T ./A
where  Q = i o n i z a t i o n  c r o s s  s e c t i o n  
0) = f l u o r e s c e n t  y i e l d
R = r e l a t i v e  i n t e n s i t y  o f  e n e rg y  l i n e  c o n s id e r e d  ( e . g .  K^, K^, e t c . )  
T = e f f i c i e n c y  o f  t h e  d e t e c t o r  sy s te m  f o r  t h a t  l i n e  e n e rg y  
A = a to m ic  w e ig h t  o f  t h e  c o n s id e r e d  e le m e n t
Any m ethod f o r  q u a n t i t a t i o n  h a s  p r a c t i c a l  l i m i t s  o f  d e t e c t i o n  w h ich  
a r e  a f f e c t e d  by t h e  s i g n a l  t o  b ack g ro u n d  r a t i o  ( s e c ;  2 . 1 0 ) .  A n d e rsen  (1967 
a ,  b )  h a s  d e te r m in e d  th e  a b s o l u t e  and m inim um -w eight f r a c t i o n  d e t e c t i o n  
l i m i t  i n  m i n e r a l i z e d  t i s s u e  u s in g  t h e  K l i n e s  a s  f u n c t i o n s  o f  a c c e l e r a t ­
in g  v o l t a g e .  H is  r e s u l t s  a r e  p r e s e n t e d  i n  t a b l e  ( 3 .1 )
T hus ,  f o r  a  g iv e n  e le m e n t  and sp e c im e n ,  i t  i s  p o s s i b l e  t o  d e te r m in e  
th e  minimum m e a s u ra b le  amount o f  t h e  e le m e n t  a t  g iv e n  v o l t a g e  and i t  i s  
f o r  t h e  m ost e le m e n ts  i n  t h e  r a n g e  o f  10“ ^‘' - 1 0 “ l ^ g .
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CHAPTER 4
SAMPLE PREPARATION AND STANDARDISATION
4 .1  I n t r o d u c t i o n
The c o n c e n t r a t i o n  o f  e le m e n ts  i n  a  b u l k  o f  m a t e r i a l  i s  ju d g e d  and 
e s t i m a t e d  by a n a l y s i n g  th e  c o n t e n t  o f  a  s m a l l  f r a c t i o n  o f  t h e  t o t a l  
s a m p le .  To e x p e c t  r e l i a b l e  and r e p r o d u c i b l e  r e s u l t s  t h e  s m a l l  f r a c t i o n  
s h o u ld  have  e x a c t l y ,  o r  a s  c l o s e l y  as  p o s s i b l e ,  th e  same mean c o m p o s i t i o n  
o f  th e  t o t a l  s a m p le .  T h is  can be a c h ie v e d  o n ly  i f  t h e  b u l k  o f  m a t e r i a l  i s  
hom ogeneous. T h is  i s  n o t  th e  c a se  w h i l e  d e a l i n g  w i t h  s o l i d  b i o l o g i c a l  
s a n p le s  as  th e  m a t e r i a l  i s  i n  f a c t  h e t e r o g e n e o u s .  F o r  o b t a i n i n g  a
r e p r e s e n t a t i v e  f r a c t i o n  d i f f e r e n t  s a n p l i n g  m ethods  can  b e  a p p l i e d ;  t h e r e
can b e :
a )  Random s a m p l in g :  a  number o f  sam p les  a r e  random ly  ch o sen  f rom  th e  t o t a ­
l i t y  o f  m a t e r i a l .  T h is  i s  v a l i d  o n ly  i n  c a s e  o f  a  t r u l y  homogeneous
m a t e r i a l .
b) S y s t e m a t i c  s a m p l in g :  t h i s  m ethod can  be  a p p l i e d  w here  i t  i s  i m p o s s ib l e  
o r  i m p r a c t i c a l  t o  hom ogen ise  th e  w hole  s a n g l e .
c) D i f f e r e n t i a l  s a n p l i n g  o f  t o t a l i t i e s  w i t h  l o c a l i z e d  s e c t i o n s :  t h e s e  
p a r t s  a r e  a n a l y s e d ,  th e  c o m p o s i t io n  o f  t h e  h e te r o g e n e o u s  t o t a l i t y  i s  
com puted , b a s e d  on t h e  amount o f  e a ch  hom ogeneous p a r t .  T h is  m ethod  i s  
a p p l i c a b l e  o n ly  f o r  l a r g e  sam ples  w i t h  v i s u a l  h e t e r o g e n e i t i e s  w h ich  a r e  
e i t h e r  i m p o s s ib l e  o r  i m p r a c t i c a l  t o  hom ogen ise  i n  a  s i n g l e  b a t c h ,  e . g .  t o t a l  
body a n a l y s i s .
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B i o l o g i c a l  t i s s u e  c o n t a i n s  e le m e n ts  w hich  a r e  n o t  a lw ays  homo­
g e n e o u s ly  d i s t r i b u t e d .  Examples a r e  g iv e n  by  S c h ic h a  e t  a l .  (1 9 7 0 ,  1972) 
f o r  l i v e r ,  l u n g ,  h e a r t  and a o r t a .  The same t h i n g  h a s  b e e n  shown by 
Thieme e t  a l ,  (19 72) f o r  th e  p l a c e n t a .  These s o f t  t i s s u e s  h a v e  th e  
a d v a n ta g e  o f  r e l a t i v e l y  e a s i e r  s a m p l in g  th a n  h a r d  t i s s u e  l i k e  b o n e ,  b u t  
e r r o r s  may a r i s e  w h i l e  a n a l y s i n g  su ch  h e te r o g e n e o u s  t i s s u e s  i f  t h e  sam ple  
i s  n o t  r e p r e s e n t a t i v e  o f  th e  a v e ra g e  o rg a n  a s  a  w h o le .  The h o m o g e n is a t io n  
o f  s o f t  t i s s u e s  can  b e  c a r r i e d  o u t  w i t h o u t  g r e a t  d i f f i c u l t y  b y  m ix in g  o r  
b l e n d i n g  e s p e c i a l l y  when t h e s e  a r e  d r i e d .  I y e n g a r  e t  a l .  ( 1 9 7 6 ,  1977) 
have  d e v e lo p e d  a  m ethod u s in g  a  b r i t t l e  s t r u c t u r e  t e c h n iq u e  i n  o r d e r  t o  
p u l v e r i z e  p r a c t i c a l l y  a l l  ty p e s  o f  b i o l o g i c a l  s a m p le s .  The h o m o g en e i ty  
can be  t e s t e d  a f t e r w a r d s  by  d e t e r m i n a t i o n  o f  c e r t a i n  e le m e n t s  a t  d i f f e r e n t  
c o n c e n t r a t i o n  l e v e l s .  The s a m p l in g  o f  b i o l o g i c a l  m a t e r i a l  p r e s e n t s  a 
p ro b lem  o f  i t s  own th ro u g h  th e  s e l e c t i o n  and  c l a s s i f i c a t i o n  o f  p e r s o n s  
t a k i n g  p a r t  i n  t h e  s tu d y  o f  t r a c e  e le m e n t  c o n c e n t r a t i o n s .
Most o rg a n s  and t i s s u e s  from  l i v i n g  human o rg an ism s  s h o u ld  b e  o b t a i n e d  
u n d e r  s t r i n g e n t  m e d ic a l  p r e c a u t i o n s .  S t e r i l e  c o n d i t i o n s  a r e  u s u a l l y  a 
p r e c o n d i t i o n  f o r  a p p ly in g  p r o c e d u r e s  from  i n t e r n a l  m e d i c in e ,  s u r g e r y  e t c .  
S u r g i c a l  p r o c e d u r e s  a r e  n e c e s s a r y  f o r  e x c i s i o n  o f  tum our s a m p le s ,  b i o p s y  
o f  l i v e r ,  l u n g ,  m u sc le  and b o n e .  However, s e v e r a l  sam p les  can  b e  t a k e n  
from th e  l i v i n g  human o rg an ism  w i t h o u t  any m e d ic a l  p r e c a u t i o n s .  B e s id e s  
h a i r  and n a i l ,  th e  body f l u i d s ,  m i l k ,  s a l i v a ,  sem en, t e a r s  and f a e c e s  
b e lo n g  t o  t h i s  g ro u p .
In  s a m p l in g ,  few p o i n t s  have  t o  be c o n s id e r e d  such  as i n f o r m a t i o n  
a b o u t  th e  a n a l y t i c a l  p ro b le m , th e  s a m p l in g  m ethod t o  b e  u s e d ,  s e l e c t i o n  
o f  s a m p l in g  s i t e ,  p r e p a r a t i o n  o f  sam p les  and eq u ip m e n t  and th e  maximum 
tim e th e  sam ple  can b e  s t o r e d  w i t h o u t  a  change i n  mean c o m p o s i t i o n .
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The a n a l y t i c a l  m ethods w ere  d i s c u s s e d  i n  c h a p t e r  2 and 3 , w h ereas  th e  
sam ple  p r e p a r a t i o n  and s t o r a g e  f o r  a n a l y s i s  by n e u t r o n  a c t i v a t i o n  and 
e l e c t r o n  m ic ro sc o p y  w i t h  X -ray  m i c r o a n a l y s i s  w i l l  b e  d i s c u s s e d  h e r e .
4 .2  H a i r  and  N a i l  P r e p a r a t i o n  f o r  NAA
S a n p le  p r e p a r a t i o n  h a s  b e e n  one o f  t h e  m a jo r  p ro b le m s  i n  h a i r  
a n a l y s i s .  Such a n a l y s i s  becomes s i g n i f i c a n t  when i t  i s  p o s s i b l e  to  
d i f f e r e n t i a t e  b e tw e en  e le m e n ts  i n c o r p o r a t e d  i n t o  h a i r  and  t h o s e  r e f l e c t i n g  
th e  e n v i r o n m e n t .  I t  i s  d i f f i c u l t  to  a c h ie v e  t h i s  as h a i r  i s  a b l e  t o  
a b s o rb  ( B a te  1966) e le m e n ts  from  th e  e n v i ro n m e n t .  However when s u r f a c e  
c o n ta m in a t io n  i s  c o m p le te ly  removed from  th e  h a i r  p r i o r  t o  a n a ly z in g  t h i s  
e n s u r e s  t h a t  th e  t r a c e  e le m e n t  c o n c e n t r a t i o n s  o b t a i n e d  r e f l e c t  o n ly  t h o s e  
p r e s e n t  w i t h i n  th e  h a i r  s t r u c t u r e .
Coleman (1965) h a s  s u g g e s t e d  t h a t  th e  q u a n t i t y  o f  t r a c e  e le m e n t  
r e m a in in g  i n  t h e  h a i r  may v a r y  w id e ly  d e p n d in g  on th e  s o l v e n t  u s e d  and 
th e  p a r t i c u l a r  t r a c e  e le m e n t .
B a te  (1965) i n v e s t i g a t e d  th e  r e l a t i v e  e f f e c t i v e n e s s  o f  s e v e r a l  
s o l v e n t s  and w a sh in g  p r o c e d u r e s  f o r  rem ov ing  s u r f a c e  c o n ta m in a t io n  f rom  h a i r ,  
He c o n c lu d e d  t h a t  d e t e r g e n t  w a sh in g  i s  more e f f e c t i v e  f o r  a c t i v a t i o n  
a n a l y s i s  b e c a u s e  sodium  and b ro m in e  a r e  a lm o s t  c o m p le te ly  rem oved from  
th e  h a i r .  T h is  was s u p p o r t e d  by Van d e r  B erg  (1967) who i n d i c a t e d  t h a t  
c e r t a i n  e le m e n ts  such  as sodium  and m anganese  move e a s i l y  i n  w e t  h a i r ,  
w h e reas  some e le m e n ts  such  as c o p p e r ,  z in c  and chromium move much more 
s lo w ly  i n  w e t t e d  h a i r .  A s s o r i a n  e t  a l .  (1977) r e p o r t e d  l o s s  i n  Cu and Mg 
b u t  n o t  i n  Zn i f  th e  h a i r  i s  washed i n  any k i n d  o f  d e t e r g e n t .  Ryan e t  a l .  
(1978) had  com pared s i x  m ethods o f  h a i r  w a sh in g  and found  t h a t  no  one 
m ethod i s  100 P a r  c e n t  s a f e .
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To a v o id  r e p e t i t i o n , w o r k  h a s  b e e n  a l r e a d y  done on c l e a n i n g  m ethods 
and t o  d e s ig n  an e a s y  and r e l i a b l e  m ethod th e  t h r e e  f o l l o w i n g  w a sh in g  
p r o c e d u r e s  w ere  a d o p te d  f o r  c o m p a r is o n .
1) The h a i r  was so a k ed  i n  d i s t i l l e d  d o u b le  d e io n i z e d  w a t e r  f o r  two 
h o u r s .  I t  was th e n  r i n s e d  f o r  60 s e c  i n  a  s t r e a m  o f  d i s t i l l e d  d o u b le  
d e io n i z e d  w a t e r .
2) The h a i r  was so a k ed  i n  d i s t i l l e d  d o u b le  d e i o n i z e d  w a t e r  and  an u l t r a ­
s o n i c  b a t h  was u s e d  to  a g i t a t e  t h e  sam ple  f o r  one h o u r .  T h is  was f o l l o w e d  
by r i n s i n g  i n  d i s t i l l e d  d o u b le  d e io n i z e d  w a t e r  and a c e to n e  o f  60 s e c .  e a c h .  
U s in g  f r e s h  D.D.D. w a t e r  th e  a g i t a t i o n  r e p e a t e d  f o r  more th a n  one h o u r  
fo l lo w e d  by  r i n s i n g  i n  th e  same o r d e r  a s  b e f o r e .
3) H a i r  was a g i t a t e d  by  hand  i n  a  d e t e r g e n t  s o l u t i o n  f o r  one m in u te .
A f t e r  r i n s i n g  i n  D.D.D. w a t e r  th e  sam ple  was a g i t a t e d  i n  u l t r a s o n i c  b a t h  
f o r  one h o u r .  The s u r f a c e  c l e a n i n g  was m o n i to re d  u s in g  th e  s c a n n in g  
e l e c t r o n  m ic r o s c o p e .  The f i r s t  m ethod d e m o n s t r a te d  t h a t  th e  rem o v a l  o f  
e x t e r n a l  c o n ta m in a t io n  had  n o t  t a k e n  p l a c e .  F i g .  ( 4 .1 )  shows t h a t  t h e  
d e b r i s  s t i l l  bounded to  h a i r  s u r f a c e .
U sing  th e  se c o n d  m ethod , th e  s u r f a c e  bounded d e b r i s  a r e  r e d u c e d  
c o n s i d e r a b l y  b u t  n o t  c o m p le te ly .  B u t u s in g  th e  t h i r d  m ethod th e  h a i r  
s u r f a c e  was c l e a n  and no s u r f a c e  c o n ta m in a t io n  was n o t i c e d  a s  can b e  s e e n  
from F i g .  ( 4 . 2 ) .
H ence , s i n c e  t h e  work was i n i t i a t e d  t o  e s t a b l i s h  t h e  mean v a lu e  
o f  c e r t a i n  e le m e n ts  i n  t h e  h a i r ,  and as  i t  was s u g g e s t e d  by B a te  and Dyer
(1965) t h a t  a non i o n i c  d e t e r g e n t  p r o d u c e s  no g r e a t e r  ( o r  l e s s e r )  ch an g es  
i n  h a i r  t r a c e  e le m e n t  c o m p o s i t io n  th a n  i n  s i t u  w a s h in g ,  t h e  t h i r d  w a s h in g  
method was c h o sen  as th e  b e t t e r  w a sh in g  p r o c e d u r e  due to  th e  b e t t e r  c l e a n i n g .
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No m easurem en t  on th e  l o s s  of. sod ium  o r  b rom ine  h a s  b e e n  done to  d r i v e  
any q u a n t i t a t i v e  r e s u l t s  a s  a l l  th e  h a i r  sam p les  w i l l  b e  t r e a t e d  th e  
same way. The n a i l  sam p les  w ere  w ashed  e x a c t l y  as th e  h a i r  e x c e p t  t h a t  
a b r u s h  was u se d  t o  remove th e  d i r t .
4 .3  Sample P r e p a r a t i o n  -  S o f t  T i s s u e s  :
I n  f a c t  s a n g l e s  t o  b e  a n a ly s e d  by  th e  NAA m ethod c an  b e  a c t i v a t e d  
i n  t h e i r  no rm a l  s o l i d  o r  l i q u i d  s t a t e  w i t h  no p r e —t r e a t m e n t .  However 
e x t r a c t i n g  q u a n t i t a t i v e  i n f o r m a t i o n  by a c t i v a t i n g  w e t  b i o l o g i c a l  sam p les  
w i l l  be  i n a c c u r a t e  as  t h e  w a t e r  c o n t e n t  c o u ld  be  d i f f e r e n t  f ro m  sam p le  t o  
s a m p le .  H ence , th e  w a t e r  m ust be removed by d r y i n g .
The d r y in g  can  b e  c a r r i e d  o u t  by rem oving  a l l  t h e  f r e e  w a t e r  from  
th e  t i s s u e  and r e p l a c i n g  i t  w i t h  a  s u i t a b l e  o r g a n i c  s o l v e n t  su c h  as 
a c e to n e  o r  e t h a n o l .  As t h e  m a j o r i t y  o f  d e h y d r a t in g  a g e n t s  a r e  s t r o n g  
o r g a n i c  s o l v e n t s  th e y  b r i n g  a b o u t  s h r i n k a g e  and e x t r a c t i o n  o f  c e l l  c o n s t i ­
t u e n t s .  These  e f f e c t s  can  be m in im ized  by m aking th e  d e h y d r a t i o n  t im e  as  
s h o r t  as p o s s i b l e ,  p r o v id e d  th e  d u r a t i o n  o f  e a ch  o f  th e  s t e p s  i s  lo n g  
enough to  a c c o m p lis h  a  g r a d u a l  r e p la c e m e n t  o f  w a t e r  w i t h  t h e  s o l v e n t .  The 
e f f e c t  o f  many g e n e r a l  p u rp o s e  d e h y d r a t io n  a g e n t s  ( a c e t o n e ,  e t h a n o l ,  
m e th a n o l)  on t i s s u e  w ere  o b s e r v e d .  M i l l o n ig  (1966) r e p o r t e d  t h a t  e t h a n o l
c a u se s  l e s s  e x t r a c t i o n  on c e l l u l a r  m a t e r i a l s  th a n  m o s t  known s o l v e n t s .  On
th e  o t h e r  h a n d ,  i t  was s u g g e s t e d  i n  an  e a r l i e r  s tu d y  by Bahr e t  a l . (1957) 
t h a t  m e th a n o l  g i v e s  b e t t e r  r e s u l t s  th a n  d id  e t h a n o l  i n  t h i s  r e s p e c t .  T h is  
means t h a t  i n  any e v a l u a t i o n  o f  t h e s e  s o l v e n t s ,  one m ust c o n s i d e r  t h e  
d i f f e r e n c e s  i n  th e  t i s s u e  t y p e ,  d e h y d r a t io n  t e m p e r a t u r e s  and  t h e  f i x i n g  
m ethods em ployed  i n  t h e s e  s t u d i e s .  However, t h e r e  i s  much e v id e n c e  t o
show t h a t  a c o n s i d e r a b l e  amount o f  p r o t e i n ,  l i p i d  and c a r b o h y d r a t e  i s
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l o s t  d u r in g  f i x a t i o n  and d e h y d r a t io n  o f  t i s s u e s .  The amount o f  l o s s  
depends b o t h  on th e  ty p e  o f  f i x a t i o n  and  on th e  m ethod o f  d e h y d r a t i o n .  
D allam  (1957) h a s  shown t h a t  30% o f  p h o s p h o l i p i d  can  b e  l o s t  d u r in g  
d e h y d r a t io n  p r o c e d u r e s  w i t h  h e a r t  and k i d n e y ,  w h i l e  Korn and Weisman
(1966) h a v e  d e m o n s t r a te d  t h a t  up to  90% o f  l i p i d s  can  b e  l o s t  d u r in g  
d e h y d r a t io n  o f  amoebae a f t e r  g l u t o r a l i d e h y d e  f i x a t i o n  e v en  th o u g h  th e  
f i x a t i v e  i t s e l f  c a u se s  l i t t l e  e x t r a c t i o n .  As a  r e s u l t  o f  t h e  e x t r a c t i o n  
th e  s o l u b l e  e l e c t r o l y t e s  (Na, C l ,  K) a r e  u n l i k e l y  t o  re m a in  i n  t h e i r  
i n  v iv o  s i t u a t i o n  when t i s s u e s  a r e  immersed i n  o r g a n i c  s o l v e n t s  o r  
aqueous s o l u t i o n s .
A seco n d  m ethod o f  sam ple  d r y in g  t h a t  can  be  u s e d  i s  a i r  d r y i n g .
A p i e c e  o f  t i s s u e  i s  a l lo w e d  to  d ry  u n d e r  a  warm s t r e a m  o f  a i r .  W ashing 
th e  t i s s u e  b e f o r e  d r y in g  i s  n o t  s a t i s f a c t o r y  b e c a u s e  t h i s  may c a u s e  a 
f l u x  (Maynard e t  a l .  1975) o f  e l e c t r o l y t e s  a c r o s s  t h e  p la sm a  mem brane.
T here  i s  a l s o  a r i s k  o f  an i o n i c  f l u x  a c c u r r i n g  as  th e  l i q u i d  a i r  i n t e r ­
f a c e  sweeps th ro u g h  t h e  spec im en  d u r in g  d r y i n g .  P o l l i a c k  e t  a l .  (1973) 
compared th e  a i r  d r y in g  p r o c e d u r e  w i t h  m ethods o f  c r i t i c a l  p o i n t  d r y i n g .
For  b lo o d  c e l l s  t h e  l a t t e r  m ethod p r o v i d e s  a  s u p e r i o r  p r e s e r v a t i o n  o f  
m orp h o lo g y , b u t  i o n i c  f l u x e s  o c c u r  a s  i n  a i r  d r y in g .
The t h i r d  commonly e n ç lo y e d  t e c h n i q u e  i n  d r y in g  i s  t o  f r e e z e  th e  ! 
t i s s u e  b l o c k  e i t h e r  by k e e p in g  i t  i n  a  deep f r e e z e r  ( i . e .  -  40*0) f o r  few  
h o u rs  o r  by r a p i d l y  f r e e z i n g  th e  t i s s u e  u s in g  l i q u i d  a i r  o r  l i q u i d  n i t r o g e n  
I f  th e  t i s s u e  i s  n o t  f r o z e n  r a p i d l y  e n o u g h ,  so  much o f  t h e  f r e e  w a t e r  i n  
t h e  t i s s u e  may f r .e e ze f i r s t ,  t h a t  t h e  t i s s u e  i s  b lown up by  l a r g e  i c e  
c r y s t a l s  and a f t e r  d r y i n g ,  p r e s e n t s  an  e x t r e m e ly  v a c u o l a t e d  a p p e a r a n c e  
when th e  t i s s u e  i s  exam ined u n d e r  an e l e c t r o n  m ic r o s c o p e .  F o r  t h i s  r e a s o n  
p a r t i a l  d e h y d r a t i o n  o f  th e  t i s s u e ,  a s  s u g g e s t e d  by S j o s t r a n d  e t  a l .  ( 1 9 7 5 ) ,  
b e f o r e  f r e e z i n g  can  r e d u c e  th e  amount o f  f r e e  w a t e r  t o  s u c h  an e x t e n t  t h a t
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t h e  te n d e n c y  o f  c r y s t a l l i z a t i o n  o f  w a t e r  w ould  be  e x t e n s i v e l y  d e c r e a s e d .
I n  f a c t  t h e  i c e  c r y s t a l s  may be so  b i g  as  t o  d i s r u p t  e n t i r e l y  t h e  i n t e r n a l  
s t r u c t u r e  o f  t h e  c e l l  and may c a u se  d i s p l a c e m e n t  o f  d i f f u s i b l e  e le m e n ts  
( S jo s t r a n d  1975) w i t h i n  t h e  m u sc le  f i b r e .  The m ethods and p ro b le m s  o f  
r a p i d  f r e e z i n g  h a v e  b e e n  d i s c u s s e d  t h o r o u g h ly  by Rebhum (1972) and 
S j o s t r a n d  ( 1 9 6 7 ) .  The d r y in g  from  f r o z e n  s t a t e  i s  a  com plex  p h y s i c a l  
phenomenon and i t s  t h e o r e t i c a l  b a c k g ro u n d  h a s  b e e n  d i s c u s s e d  b y  s e v e r a l  
a u th o r s  (Meryman 1960 , Rowe 1960, S te p h e n s o n  196 0 ) .  I n  p r i n c i p l e ,  d r y in g  
i s  b a s e d  on d i f f u s i o n  o f  m o le c u le s  o f  w a t e r  a lo n g  a c o n c e n t r a t i o n  g r a d i e n t .  
T h is  i s  c r e a t e d  by  rem ov ing  th e  e s c a p e d  w a t e r  m o le c u le s  f rom  t h e  s u r r o u n d i n g  
sp a c e  by c o n t in u o u s  pum ping and by i n t r o d u c i n g  a  p l a c e  o f  lo w e r  t e m p e r a t u r e  
th a n  t h a t  o f  th e  sp e c im en  f o r  v a p o u r  c o n d e n s a t io n .  D u r in g  d r y i n g  th e  
t e m p e r a tu r e  s h o u ld  be  k e p t  s u f f i c i e n t l y  low to  p r e v e n t  r e c r y s t a l l i s a t i o n .
The t e m p e r a tu r e  o f  d r y in g  i s  u s u a l l y  c h o sen  a r b i t r a r i l y  on t h e  b a s i s  o f  
e x p e r im e n ts  w i t h  a  m odel s y s te m .  S j o s t r a n d  (19 4 4 ,  1957a) fo u n d  t h a t  f o r  
l i g h t  m ic ro s c o p e  work -  40 t o  — 45*C was s a t i s f a c t o r y  f o r  good p r e s e r v a t i o n .  
In  t h i s  work th e  p ro p o s e d  d e h y d r a t i o n  t e m p e r a tu r e  was —55*C w h ic h  a g r e e s  
w i t h  t h a t  s u g g e s t e d  by B e l l  ( 1 9 5 2 ) .  The s a t i s f a c t o r y  t e m p e r a t u r e  c an  o n ly  
be d e te rm in e d  by a c t u a l  r e p e a t e d  e x p e r im e n t s  i n  c o n n e c t io n  w i t h  e l e c t r o n  
m ic r o s c o p ic  a n a l y s i s  a t  h ig h  r e s o l u t i o n .  The two main f a c t o r s  a f f e c t i n g  
th e  d r y i n g ,  t e m p e r a tu r e  and  vacuum p r e s s u r e ,  w ere  a d j u s t a b l e  and can  b e  
m o n i to re d  by gauges  f i x e d  on th e  f r e e z e  d r y in g  u n i t .
As a r e s u l t  o f  t h e  above t h r e e  common p r o c e d u r e s  em ployed f o r  d r y in g  
an e r r o r  i s  i n t r o d u c e d  to  t r a c e  e le m e n t  a n a l y s i s .  T h is  e r r o r  i s  due t o  
e i t h e r  c o n ta m in a t io n  o r  l o s s  o f  t h e s e  e l e m e n t s .  Hence i t  w ould  b e  u s e f u l  
to  show w h ic h  m ethod o f  d r y in g  i s  m ost  s u i t a b l e  f o r  a n a l y t i c a l  p u r p o s e s  by  
f i n d i n g  th e  l o s s  and r e t e n t i o n  o f  e le m e n ts  i n  u s in g  th e  t h r e e  above m e n t io n e d  
d r y in g  p r o c e d u r e s .
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4 .4  Loss and R e t e n t i o n  o f  E le m e n ts  Through S o f t  T i s s u e  P r e p a r a t i o n
Loss  o f  t h e  e le m e n t  o f  i n t e r e s t  may o c c u r  a t  any s t a g e  i n  th e  
a n a l y t i c a l  p r o c e d u r e  and th e  o v e r a l l  l o s s  o b t a i n e d  f o r  a  g iv e n  p r o c e d u r e  
c o u ld  be  e v a l u a t e d .  I f  t h e  o v e r a l l  l o s s  i s  w i t h i n  a c c e p t a b l e  l i m i t s  f o r  
a  g iv e n  a n a l y s i s ,  i t  i s  n o t  n e c e s s a r y  t o  e v a l u a t e  th e  l o s s e s  o c c u r r i n g  a t  
e a ch  s t e p .  B u t i f  t h e  m a g n i tu d e  o f  l o s s  i s  g r e a t e r  t h a n  t o l e r a b l e ,  i t  
i s  n e c e s s a r y  t o  e i t h e r  e v a l u a t e  th e  l o s s e s  a t  e a c h  s t e p  and  m o d ify  o r  
r e p l a c e  t h e  s t e p  o r  s t e p s  a t  w h ich  th e  g r e a t e s t  l o s s e s  o c c u r ,  o r  u s e  a 
d i f f e r e n t  p r o c e d u r e .  H ow ever, t h e r e  a r e  s e v e r a l  p o s s i b i l i t i e s  o f  l o s s  o f  
t r a c e  e le m e n ts  d u r in g  t h e  s a m p l in g  p r o c e d u r e .  V o l a t i l i s a t i o n  o f  some 
t r a c e  e le m e n ts  o c c u rs  d u r in g  d r y in g ,  I y e n g a r  e t  a l .  (1978) r e p o r t e d  a  l o s s  
o f  m ercu ry  a t  an a i r  d r y in g  t e m p e r a tu r e  o f  80*C from  b l o o d ,  s e ru m , n a i l s  
and t e s t e s .  A n o th e r  s o u r c e  o f  l o s s  e s p e c i a l l y  f ro m  f l u i d s  w i t h  v e r y  low 
c o n c e n t r a t i o n  o f  t r a c e  e le m e n ts  i s  th e  a b s o r p t i o n  on c o n t a i n e r  w a l l s  and 
t o o l s .  These  l o s s e s  depend m a in ly  on th e  c h e m ic a l  fo rm , c o n c e n t r a t i o n  o f  
th e  t r a c e  e l e m e n t ,  Ph and s a l t  c o n c e n t r a t i o n  o f  t h e  s o l u t i o n  and  th e  ty p e  
o f  c o n t a i n e r  m a t e r i a l  (S a n s o n i  and I y e n g a r  1 9 7 8 ) .  These  l o s s e s  d e c r e a s e  
g e n e r a l l y  w i t h  i n c r e a s i n g  e le m e n t  c o n c e n t r a t i o n ,  d e c r e a s i n g  t h e  P h  and 
i n c r e a s i n g  th e  s a l t  c o n c e n t r a t i o n .  I t  was found  t h a t  t h e  b e s t  s u i t e d  
c o n t a i n e r  m a t e r i a l s  a r e  t e f l o n ,  q u a r t z  and p o l y e t h y l e n e .
L ik e  l o s s e s ,  c o n ta m in a t io n  o f  t h e  sam ple  can  o c c u r  a t  any s t a g e .  
C o n ta in e r s  and r e a g e n t s  c o u ld  be  one o f  th e  m ain  s o u r c e s  o f  c o n ta m in a t io n .  
I t  i s  p o s s i b l e  f o r  t i s s u e  sam p les  s t o r e d  i n  f o r m a l i n  t o  b e  c o n ta m in a t e d  
w i t h  many t r a c e  e le m e n ts  a s  can  b e  s e e n  i n  T a b le  4 .1  w h ich  g i v e s  th e  
i m p u r i t i e s  i n  f o r m a l i n  and  a n a lQ r  m e th a n o l .
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T a b le  4 .1  I m p u r i t i e s  i n  F o r m a l in  and Anala-r M ethano l (y g /g )
E lem en t F o rm a l in A n a le r  M ethano l *
Na 18 -  .
Mg 1 .6 -
c z 13 -
K 60 -
Ca - -
Mn .09 0 .0005
Cu — -
Se .03 -
Br .07 -
Rb .04 -
Fe 3 .5 0 .0 0 1
Zn 6 .2 -
Sb . 14
p e r c e n t  w e ig h t
— 60
An e x p e r im e n t  was t h e r e f o r e  d e s ig n e d  t o  e v a l u a t e  t h e  o v e r a l l  l o s s e s  
o r  r e t e n t i o n  o f  t r a c e  and  b u l k  e le m e n ts  i n  oven d r i e d ,  m e th a n o l  d e h y d ra te d  
and f r e e z e  d r i e d  l i v e r  and m u sc le  s a m p le s .  L i v e r  and t h i g h  m u sc le  w ere  
d i s s e c t e d  u s in g  a t i t a n i u m  k n i f e  ( a s  em ployed i n  th e  IAEA/WHO c a r d i o v a s c u l a r  
p r o j e c t )  from  a w h i t e  New Z e a la n d  m ale  r a b b i t ,  two y e a r s  o l d .  The r a b b i t s  
a r e  b e in g  u se d  f o r  a n t i s e r u m  p r o d u c t i o n  by i n j e c t i o n  o f  a  s p e c i f i c  serum  
c a l l e d  F re u n d s  c o n ^ l e t e  a d j u v a n t .  The r a b b i t  food  was a  n o rm a l  d i e t  m a in ly  
composed o f  p r o t e i n s .  The b lo o d  was su ck ed  from  th e  h e a r t  cham bers  a f t e r  
th e  a n im a l  had  b e e n  a n a e s t h e t i s e d  by  i n j e c t i n g  3 t o  4 ml o f  p e n t a b a r b i t o n  
sod ium , o f  c o n c e n t r a t i o n  60 m g/100 m l,  known c o m m e rc ia l ly  as  S a g a t a l .  The 
r i g h t  lo b e  o f  th e  l i v e r  was c u t  i n t o  -  1 cm^ p i e c e s  a v o id i n g  any  l a r g e  
v e s s e l s .  The t h i g h  m u sc le  was d i s s e c t e d  and c u t  a g a in  i n  a b o u t  1 cm^ 
s e c t i o n s .  A l l  sam p les  w ere  w ashed  f o r  one m in u te  i n  d i s t i l l e d  d o u b le  
d e io n i s e d  w a t e r  to  remove any r e m a in in g  t r a c e s  o f  b l o o d .  A f t e r  w e ig h in g ,  
th e  sam p les  w ere  d i v id e d  i n t o  t h r e e  g roups  e a c h  c o n t a i n i n g  10 sp e c im en s  o f  . 
th e  t h i g h  and a n o th e r  10 o f  th e  l i v e r .  The t h r e e  d r y in g  t e c h n i q u e s  a l r e a d y  
e x p la i n e d  i n  s e c t i o n  4 .3  w ere  u s e d .  Those sam p les  to  be  f r e e z e  d r i e d  w ere  
k e p t  i n  a deep f r e e z e r  a t  -  40*C f o r  two days  f o l lo w e d  by  f r e e z e  d r y in g  f o r  
72 h r s . u s in g  an  Edwards f r e e z e  d r i e r  u n d e r  an  o p e r a t i n g  p r e s s u r e  o f  0 . 1  t o
0 .0 5  t o r r .  The second  group  was oven d r i e d  im m e d ia te ly  f o r  96 h r s .  a t  a  
t e m p e ra tu re  o f  55*0. The t h i r d  g roup  was imm ersed i n  10% f o r m a l i n  d i l u t e d  
w i th  d e i o n i s e d  w a t e r  f o r  24 h r s .  f o l l o w e d  by t h r e e  c hanges  o f  a n a lô ,r  m e th a n o l  
o f  1 h r .  e a c h .  The l o s s  o f  w a t e r  a f t e r  c o m p le t io n  o f  d r y in g  was t h e  same 
f o r  th e  t h r e e  t e c h n i q u e s ,  and th e  p e r  c e n ta g e  r e t a i n e d  by  w e i g h t  ( T a b le  4 .2 )  
was a p p ro x im a te ly  30% and 2Q% f o r  l i v e r  and  m u sc le  r e s p e c t i v e l y .
The e l e m e n t a l  c o n c e n t r a t i o n  i n  e a c h  sam ple  was found  b y  e m p lo y in g  t h r e e  
d i f f e r e n t  modes o f  i r r a d i a t i o n  u s in g  th e  i r r a d i a t i o n  f a c i l i t i e s  a t  th e
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TABLE 4 .2
P e r c e n t a g e  o f  r e t a i n e d  w e i g h t  by  t h e  t h r e e  d r y in g  p r o c e d u r e s  
t a k e n  as  p e r c e n t a g e s  o f  w e t  w e i g h t
F r e e z e  d r y in g Oven d r y in g M e th a n o l  d e h y d r a t io n Mean
L iv e r 3 1 .5 5  ± 0 .3 2 3 1 .1 5  ± 0 .5 2 2 8 .1 1  ± 0 .8 5 3 0 .3
± 1 .8
M uscle 2 1 .2 6  ± 0 .6 6 2 0 .8 2  ± 0 .9 1 2 0 .7 5  ± 1 .2 4 2 0 .9
± 0 .3
U n i v e r s i t y  o f  London R e a c to r  C e n t re  (ULRC) ( s e c .  2 . 6 ) .  These  i r r a d i a t i o n  
modes a r e  sum m arised  i n  T a b le  4 .3  a lo n g  w i t h  th e  e x p e c t e d  e le m e n ts  t o  be  
d e t e c t e d  i n  e a ch  mode. T a b le  4 .4  g iv e s  t h e  r e s u l t s  o b t a i n e d  f o r  l i v e r  
sam ples  d r i e d  by e a ch  one o f  t h e  t h r e e  d r y in g  p r o c e d u r e s  and i r r a d i a t e d  
a c c o r d in g  to  t h e  t h r e e  modes i n  T a b le  4 . 3 .  W hereas T a b le  4 .5  g i v e s  t h e  
r e s u l t s  f o r  m u sc le  sam ples  t r e a t e d  and i r r a d i a t e d  i n  th e  same way a s  f o r  th e  
l i v e r  s a m p le s .  I t  was found  t h a t  f o r  c o m p a r iso n  i t  w ould  b e  m ore u s e f u l  
t o  n o r m a l iz e  th e  r e s u l t s  from  oven d r i e d  and m e th a n o l  d e h y d r a t e d  sam p les  
t o  th o s e  o f  f r e e z e  d r i e d  o n e s ,  th e  v a l u e s  a r e  l i s t e d  i n  T a b le  4 . 6 .  From 
th e s e  t a b l e s  and th e  p r o p e r t i e s  o f  th e  d e t e c t e d  e l e m e n t s ,  i t  i s  p o s s i b l e  
to  d e s c r i b e  t h e  b e h a v io u r  o f  e a ch  e le m e n t  th ro u g h  th e  a p p l i e d  d r y in g  
p r o c e d u r e  as  f o l l o w s :
Sodium, P o ta s s iu m  and R ubidium  : The r e s u l t s  show t h a t  t h e r e  a r e  no
s i g n i f i c a n t  l o s s e s  from  any o f  th e  oven  d r i e d  sam p les  compared to  t h o s e  
f r e e z e  d r i e d ,  w h e re as  a  v e ry  l a r g e  l o s s  i s  n o t i c e d  i n  th e  m e th a n o l  d r i e d  
s a m p le s .
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T a b le  4 .3  I n s t r u m e n t a l  N e u tro n  A c t i v a t i o n  A n a l y s i s  Modes f o r  t h e
D e te r m in a t io n  o f  E le m e n ta l  C o n c e n t r a t i o n s  i n  T i s s u e  Samples
Mode
I r r a d i a t i o n  and C o u n t in g  P a r a m e te r s
F lu x
E lem en ts
d e t e c t e d^ i  ^c  c y c l e s
C y c l ic 20 s e c .  0 . 0  20 s e c .  7 1 .7 3  X IQlZ Se , Rb, B r ,  Na,
n  cm"2g"l C£, Mg, A&
S h o r t 10 m in . 90 s e c .  10 m in . 1 1 .7 3  X IQlZ Na, CA, Mg, K,
n  cm~^s“ ^ Ca, Cu, B r ,  Mn
Long 10 days 5 days  60 m in. 1 .89  X IQlZ Co, S e ,  Zn,
' : n  cm "2g-l B r ,  F e ,  Na
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T a b le  4 .4  Com parison  o f  E le m e n ta l  C o n c e n t r a t i o n s  ( y g /g )  i n  l i v e r  U s ing  
t h e  T hree  Sample P r e p a r a t i o n  P r o c e d u r e s
E lem en t F r e e z e  d r y in g Oven d r y in g M ethano l  d e h y d ra t io n
Na 1966 ± 64 2039 ± 72 555 ± 132
Mg 515 ± 22 536 ± 34 505 ± 26
CA 2295 ± 78 2388 ± 92 267 ± 136
K 8412 ± 239 8667 ± 443 2738 ± 529
Ca - 118 ± 14
Mn 4 .3 8  ± 46 4 .4 2  ± .36 4 .9 3  ± .26
Cu 13 .1 1  ± .62 1 3 .3 3  ± 1 .3 4 2 5 .1  ± 3 .3
Se 1 .9 8  ± .2 8 2 .1 6  ± .06 2 .4 3  ± .35
Br 9 .1 2  ± .51 9 .4 2  ± 1 .0 8 2 .7  ± .6
Rb 9 .4 6  ± 1 .6 2  : 9 .6 4  ± .79 4 .6 2  ± .52
Zn 83 ± 3 88 ± 6 99 ± 3
Fe 990 ± 39 1039 ± 84 1225 ± 38
Co 0 .1 1  ± 0 .0 9 .129  ± .077 .063  ± 0 .0 1
-  b e lo w  d e t e c t i o n  l i m i t s
± i n d i c a t e s  s t a n d a r d  d e v i a t i o n  o f  10 sam p les
— 64 —
T a b le  4 .5  C om parison  o f  E le m e n ta l  C o n c e n t r a t i o n s  ( y g /g )  i n  M uscle  
U s in g  t h e  T h ree  Sample P r e p a r a t i o n  P r o c e d u r e s
E lem ent F r e e z e  d r y in g Oven d r y in g M ethano l  d e h y d r a t io n
Na 870 ± 40 888 ± 115 127 ± 3
Mg 1175 ± 59 1171 ± 58 842 ± 41
CA 898 ± 50 902 ± 37 24 ± 7
K 15841 ± 598 15936 ± 754 2299 ± 171
Ca 297 ± 75 200 ± 13 228 ± 41
Mn - - .69  ± .15
Cu - - 1 8 .4  ± 2 .9
Se .81  ± .0 8 .82  ± .03 .903  ± .095
Br 3 .8 7  ± .41 3 .8 1  ± .36 .8 8  ± .17
Rb 8 .1 2  ± 1 .1 9 8 .1 5  ± 1 .4 -
Zn 29 ± 8 32 ± 2 34 ± 2
Co 0 .0 5 6  ± 0 .0 3 0 .0 5  ± 0 .0 2 .132  ± .12
Fe - - 39 ± 8
Cr - - .5 9  ± .22
± i n d i c a t e s  s t a n d a r d  d e v i a t i o n  o f  10 sam p les  
-  be low  d e t e c t i o n  l i m i t s
— 65 —
T a b le  4 .6  The R a t io  o f  E le m e n ta l  C o n c e n t r a t i o n  M easured  i n  Oven and 
M ethano l  d r i e d  L i v e r  and M uscle  Sam ples t o  Those M easured  
i n  F r e e z e  D r ie d  Samples
E lem en t  ’ ‘ '
U iv/cr
0 /F M/F
MuScLc
0 /F M/F
Na 1 .0 4 .2 8 1 .0 2 .15
Mg 1 .0 4 .9 8 .99 .72
C£ 1 .0 4 .12 1 .0 0 4 .026
K 1 .0 3 .33 1 .006 .145
Ca - - .67 .7 7
Mn 1 .009 1 .1 2 - -
Cu 1 .02 1 .9 - -
Se 1 .0 9 1 .2 2 1 .0 1 1 .1 1
Br 1 .0 3 .29 .9 8 .2 3
Rb 1 .0 2 .4 8 1 .0 0 3 -
Zn 1 .0 6 1 .1 9 1 .1 1 .1 7
Co 1 :17 .57 .76 1 .9 6
Fe 1 .0 5 1 .2 4 - -
— 6 6
Bromine and C h lo r in e  : These two h a lo g e n  e le m e n ts  can e a s i l y  be
d e t e c t e d  by INAA. B o th  b ro m in e  and  c h l o r i n e  a r e  r e t a i n e d  when th e  
l i v e r  and m u sc le  a r e  d r i e d  a t  55*C. L a rg e  l o s s e s  t a k e  p l a c e  when sam p les  
a r e  m e th a n o l  d e h y d r a t e d  as  a l l  t h e  h a lo g e n s  a r e  t o  some e x t e n t  s o l u b l e  
i n  w a t e r .  B a i l o r  e t  a l .  (1973) s t a t e d  t h a t  t h e  r a t e  o f  h y d r o l y s i s  o f  
c h l o r i n e  i s  h i g h e r  th a n  t h a t  o f  b ro m in e .  The v a lu e s  i n  T a b le s  4 .4  and
4 .5  show t h i s .
Magnesium and C alc ium  : T here  i s  no  s i g n i f i c a n t  l o s s  o f  m agnesium  by
th e  m ethod o f  d r y in g  i n  l i v e r  s a m p le s .  The m u sc le  l o s e s  more m agnesium  
when m e th a n o l  d r i e d .  The magnesium w i l l  r e a c t  w i t h  w a t e r  o n ly  a t  h i g h  
t e m p e r a t u r e s ,  w h e re as  c a lc iu m  i s  c o n s i d e r a b l y  more r e a c t i v e .  The 
r e a c t i v i t y  o f  magnesium  and c a lc iu m  to w a rd s  a l c o h o l  i s  s i m i l a r  t o  a l k a l i  
fo rm in g  a lk o x i d e s  b u t  t h e  r e a c t i o n  w i t h  m agnesium  i s  a lm o s t  n e g l i g i b l e  
u n l e s s  a c t i v a t e d  by i o d i n e .
Manganese : The c o n c e n t r a t i o n  o f  m anganese  i n  l i v e r  sam p les  d r i e d  by
th e  t h r e e  t e c h n i q u e s  was s m a l l e r .  How ever, more m anganese  was d e t e c t e d  
i n  m e th a n o l  d e h y d ra te d  sam p les  ; t h i s  c o u ld  b e  due to  c o n ta m in a t io n  from  
f o r m a l in  ( s e e  t a b l e  4 .1 )  and a n a l o r  m e th a n o l .  The m anganese  was n o t  
d e t e c t e d  i n  f r e e z e  d r i e d  o r  oven d r i e d  m u sc le  s a m p le s .  Only  a  s m a l l  
q u a n t i t y  o f  Mn was d e t e c t e d  i n  m e th a n o l  d e h y d r a t e d  m u sc le s  w h ich  c o n f i r m s  
th e  c o n ta m in a t io n  o r  u n e x p la in e d  e f f e c t  o f  f i x a t i v e  a g e n t s  on m anganese  
and i t s  c a r r i e r  i n  th e  t i s s u e .
Copper : A w ide  d i f f e r e n c e  i n  t h e  d i s t r i b u t i o n  o f  th e  t o t a l  body  c o p p e r
among th e  t i s s u e s  h a s  b e e n  r e p o r t e d  (Chon and  A dolph  1935) . B u t  s i n c e  t h e  
l i v e r  i s  th e  main s t o r a g e  o rg a n  o f  t h e  body  f o r  c o p p e r  i t s  c o n c e n t r a t i o n  
i s  d e t e c t e d  i n  t h e  sam p les  d r i e d  by a l l  t h r e e  t e c h n i q u e s .  The f r e e z e  d r i e d  
and oven d r i e d  l i v e r  sam p les  have  th e  same c o n c e n t r a t i o n  o f  c o p p e r ,  w h e re a s
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t h e  f o r m a l i n  f i x e d  and m e th a n o l  d e h y d r a t e d  l i v e r  sam p les  had  r e t a i n e d  
a  l a r g e  q u a n t i t y  o f  c o p p e r .  The m ost r e a s o n a b l e  e x p l a n a t i o n  i s  t h a t  
a l l  t h e  c o p p e r  i s  bonded to  enzymes o r  p r o t e i n s  w h ich  i s  f i x e d  by 
th e  f o r m a l i n .  The c o p p e r  was d e t e c t e d  o n ly  i n  f o r m a l i n  f i x e d  and 
m e th a n o l  d e h y d r a t e d  m u sc le  sam p les  s u p p o r t i n g  th e  above  e x p l a n a t i o n  
f o r  r e t e n t i o n .
S e len iu m  : The l o s s  o f  s e le n iu m  i n  v a r i o u s  d r y in g  p r o c e d u r e s  was s t u d i e d
by many r e s e a r c h  g ro u p s  among them F o u r i e  e t  a l .  (1976) who showed t h a t  
t h e  l o s s e s  o f  Se i n  oven d r i e d  sam p les  a t  105°C w ere  c o m p a rab le  w i t h  
th o s e  o b t a i n e d  by  f r e e z e  d r y i n g ,  b u t  t h e r e  i s  a p p r e c i a b l e  l o s s  o f  s e le n iu m  
a t  an oven t e m p e r a t u r e  o f  120°C. T hese  r e s u l t s  w ere  s u p p o r t e d  b y  I y e n g a r  
e t  a l .  (1978) who s t a t e d  t h a t  d r y in g  up to  105°C p r o v e d  t o  b e  s a f e  and  
a l t h o u g h  s t a t i s t i c a l l y  s i g n i f i c a n t  l o s s e s  w e re  o b s e rv e d  a t  1 2 0 °C f o r  w ho le  
b lo o d ,  b r a i n ,  lu n g  and m u sc le  as  compared t o  f r e e z e  d r y in g  th e  a c t u a l  l o s s  
was l e s s  th a n  5%. T here  w ere  no l o s s e s  o f  s e le n iu m  o b s e r v e d  i n  oven d r i e d  
l i v e r  o r  m u sc le  sam p les  as  th e  t e m p e r a tu r e  u s e d  f o r  d r y in g  was lo w e r  th a n  
th e  u p p e r  recommended s a f e  l e v e l .  The c o n c e n t r a t i o n  o f  s e le n iu m  was 
h i g h e r  i n  t h o s e  sam p les  f i x e d  i n  f o r m a l i n  and  d r i e d  by  m e th a n o l .  T h is  i s  
b e c a u s e  t h e  u s u a l  s t a t e  o f  s e le n iu m  i n  t i s s u e  i s  p r o t e i n  bound and t h e r e ­
f o r e  f i x e d  by f o r m a l i n .
Z inc  : The r e s u l t s  o f  oven d r i e d  l i v e r  and m u sc le  sam p les  show no l o s s
o f  z in c  f rom  any o f  t h e  sam ples  and th e y  a r e  c o n p a r a b le  w i t h  f r e e z e  d r y in g  
r e s u l t s .  However, i t  was r e p o r t e d  b y  K o ir ty h a m  and  H opkins  (1976) t h a t  no 
s i g n i f i c a n t  l o s s e s  o f  z in c  w ere  e n c o u n te r e d  on d r y in g  a t  110°C, on a s h in g  
o v e r n i g h t  a t  500°C , o r  even  on a s h in g  a t  700°C. A h i g h e r  c o n c e n t r a t i o n  
o f  z in c  was d e t e c t e d  i n  f o r m a l in  f i x e d ,  m e th a n o l  d e h y d r a t e d  s a m p le s ,  t h i s
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b e c a u s e  t h e  z in c  i s  combined w i t h  p r o t e i n s  and en zy m es , t o g e t h e r  w i t h  th e  
p o s s i b i l i t y  o f  c o n ta m in a t io n  from  th e  f o r m a l i n .
Cob a l t  : The r e s u l t s  f o r  c o b a l t  w ere  u n s a t i s f a c t o r y  when compared w i t h
th o s e  o b t a i n e d  by Van R a a p h o r s t  e t  a l .  (1974) who showed t h a t  d ry  a s h in g  
i s  a  r e l i a b l e  m ethod  f o r  t h e  d e t e r m i n a t i o n  o f  c o b a l t  i n  m u s s e l s  and o f  
th o s e  g iv e n  by  I y e n g a r  e t  a l .  (19 7 8 ) ,  a s  t h e r e  a r e  l a r g e  v a r i a t i o n s  i n  th e  
c o n c e n t r a t i o n s  o f  c o b a l t  b e tw e en  i n d i v i d u a l  sam p les  o f  l i v e r  and m u s c le ,  
r e s u l t i n g  i n  a  l a r g e  s t a n d a r d  d e v i a t i o n .
I r o n  : The c o n c e n t r a t i o n  o f  i r o n  i n  oven  d r i e d  l i v e r  s a n g l e s  i s  co m p arab le
w i t h  th o s e  f r e e z e  d r i e d .  W hereas th e  m e th a n o l  d e h y d r a t e d  l i v e r  s a n g l e s  
had  r e t a i n e d  l a r g e r  amounts o f  i r o n .  T h is  i s  due to  c o n ta m in a t io n  f rom  
f o r m a l i n .  The i r o n  was n o t  d e t e c t e d  i n  oven o r  f r e e z e  d r i e d  m u sc le s  
a l t h o u g h  s m a l l  c o n c e n t r a t i o n s  o f  i r o n  and chromium w e re  d e t e c t e d  i n  
m e th a n o l  d e h y d r a t e d  m u s c l e ,  b o t h  due t o  c o n ta m in a t io n  from  f o r m a l i n .
From t h e  above d i s c u s s i o n  th e  f o l l o w i n g  p o i n t s  can b e  made :
1. L a rg e  l o s s e s  o f  Na, C l ,  Rb, Br o c c u r  when b i o l o g i c a l  sa m p le s  a r e
f i x e d  i n  f o r m a l i n  and d e h y d r a t e d  by o r g a n i c  s o l v e n t s .
2 .  The f o r m a l i n  w i l l  c o n ta m in a te  b i o l o g i c a l  sa m p le s  w i t h  Mn, Cu, Zn,
F e ,  and C r .
3 . No l o s s  o f  Na, Mg, C l ,  K, Mn, Cu, S e ,  B r ,  Rb, Zn and Fe w i l l  o c c u r
i f  th e  sam p les  a r e  d r i e d  i n  an oven a t  55°C f o r  96 h r s .
4 . F o r  n e u t r o n  a c t i v a t i o n  a n a l y s i s  b o th  oven and f r e e z e  d r y in g  w i l l  
g iv e  c o m p arab le  r e s u l t s  f o r  e l e m e n t a l  c o n c e n t r a t i o n  s t u d i e s .
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4 .5  S to ra g e  o f  Samples
I n  lo n g  te rm  i n v e s t i g a t i o n s ,  sam p les  can b e  c o l l e c t e d  ( e . g .  as i n  
A f r i c a n  h a i r  and b r e a s t  t i s s u e s  i n  t h i s  work) and a n a ly s e d  l a t e r  i n  one 
s i n g l e  s e r i e s  o f  e x p e r i m e n t s .  These  sam p les  have  t o  b e  p r e s e r v e d  f o r  
p r e p a r a t i o n  o f  th e  f o l l o w i n g  a n a l y t i c a l  s t e p s .  S o f t  t i s s u e  sa m p le s  can 
be  p r o t e c t e d  a g a i n s t  m ic r o b ic  a t t a c k  by d r y in g ,  deep f r e e z i n g ,  a d d i t i o n  
o f  p r e s e r v a t i v e s  o r  s t e r i l i z a t i o n  by  gamma r a y s .  D u r in g  s t o r a g e  th e  
s a n p le s  h av e  t o  b e  p r e v e n t e d  from  b e in g  c o n ta m in a te d  f rom  c o n t a i n e r  w a l l s ,  
t h e  w hole  sam ple  e n v i r o n m e n t ,  t r a c e  e le m e n t  l o s s e s  o r  c h a n g es  i n  t h e  mean 
c o m p o s i t io n .  C o n t a in e r s  w i t h  n o n - w e t t a b l e , non p o ro u s  and sm ooth  w a l l s  
( T e f lo n ,  P o l y e t h y l e n e )  a r e  u s e f u l .  The s t o r a g e  t im e  s h o u ld  b e  k e p t  as 
s h o r t  a s  p o s s i b l e  and sam p les  s h o u ld  be  p r e p a r e d  a g a in  i f  p o s s i b l e  ( su c h  
as r e p e a t  f r e e z e  d r y in g  f o r  sam p les  s t o r e d  i n  a  f r o z e n  s t a t e ) .  S t o r a g e  
t im e  i s  a  f u n c t i o n  o f  th e  o rg a n  o r  t i s s u e  i n  q u e s t i o n  and th e  s t o r i n g  
c o n d i t i o n s  ( H a r r i s o n  1 9 7 8 ) .
P r o p e r  p a c k in g  w i l l  h e lp  i n  p r o t e c t i n g  th e  sam p les  f ro m  w a t e r  v a p o u r  
and a i r  w h ic h  a r e  th e  m ain  s o u rc e s  o f  d e c o m p o s i t io n  and c o n t a m i n a t i o n .  F o r  
t h i s  r e a s o n ,  p a c k in g  i n  two o r  even  t h r e e  c o n t a i n e r s  and w r a p p in g  w i t h  
p l a s t i c  f o i l s  can  be u s e f u l .  However, t h e  s t o r a g e  o f  s o l i d  s a m p le s  i s  
g e n e r a l l y  l e s s  d a n g e ro u s  th a n  s t o r i n g  l i q u i d s  b e c a u s e  o f  t h e  lo w e r  c h e m ic a l  
r e a c t i v i t y  o f  t h e  s o l i d  s t a t e  compared w i t h  th e  l i q u i d .
4 .6  S t a n d a r d s  and  S t a n d a r d  R e fe re n c e  M a t e r i a l s  (SRM)
To e x t r a c t  q u a n t i t a t i v e  i n f o r m a t io n  i n  NAA o r  EPMA e i t h e r :
a) An a b s o l u t e  m ethod c o u ld  be  u se d  w here  th e  sam ple  w i l l  b e  a c t i v a t e d  i n  a 
known f l u x  and w i t h  t h e  n u c l e a r  and a to m ic  d a t a  o f  th e  i r r a d i a t e d  e le m e n t  
known a c c u r a t e l y .  T h u s ,  t h e  m easurem ent o f  th e  a b s o l u t e  d i s i n t e g r a t i o n
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r a t e s  o f  t h e  a c t i v a t e d  p r o d u c t  by  c a l i b r a t e d  gamma r a y  s p e c t r o m e t e r  
w i l l  b e  p r o p o r t i o n a l  to  th e  c o n c e n t r a t i o n  o f  t h a t  e l e m e n t ,  G i r a r d i  e t  a l .  
(1964) and Hasan and Spyrou  (1972) h a v e  a p p l i e d  t h i s  m ethod and  c la im  
t h a t  t h e  random  e r r o r s  g e n e r a l l y  a r e  n o t  g r e a t e r  th a n  th o s e  o b t a i n e d  
by u s in g  t h e  c o m p a r a t iv e  m ethod . Many com puter  p rog ram s w ere  w r i t t e n  ( a l s o  
Hasan and Spyrou) (S ch im d t 1976) t o  u s e  t h i s  m ethod f o r  t h e  d e t e r m i n a t i o n  
o f  e l e m e n t a l  c o n c e n t r a t i o n  a t  t h e  y g / g - n g / g  l e v e l s .
b )  The s e c o n d  m ethod i s  t h e  c o m p a r a t iv e  m ethod w hich  u t i l i z e s  s t a n d a r d  
sam ples  o f  t h e  t r a c e  e le m e n ts  w h ich  a r e  i r r a d i a t e d  s i m u l t a n e o u s l y  w i t h  t h e  
sam p les  and a n a ly s e d  i n  th e  same m anner .  T h is  t e c h n iq u e  r e q u i r e s  r e l a t i v e  
m easu rem en ts  o n ly  and e l i m i n a t e s  t h e  n e e d  f o r  c e r t a i n  a c c u r a t e  n u c l e a r  d a t a .  
T h is  m ethod i s  more commonly u s e d  by n e u t r o n  a c t i v a t i o n  a n a l y s t s .  A s i n g l e  
co m p a ra to r  c a n  b e  employed w hich  i s  o f t e n  t h e  c a s e  i n  p a r t i c l e  a c c e l e r a t o r s .  
T h is  m ethod was e v a l u a t e d  f o r  r e a c t o r  n e u t r o n s  a c t i v a t i o n  b y  G i r a r d i  (1965) 
who s t a t e d  t h a t  th e  a c c u r a c y  and p r e c i s i o n  w ere  s i m i l a r  t o  t h o s e  o f  many 
com parab le  m ethods  and s u g g e s t e d  t h a t  t h e  m ethod can f i n d  m o s t  u s e f u l  
a p p l i c a t i o n s  i n  a u to m a te d  a n a l y s i s  o r  w here  a l a r g e  num ber o f  e l e m e n t s  a r e  
d e te rm in e d  i n  one sa m p le .  Van d e r  L in d e n  e t  a l .  (1974) fou n d  t h a t  i t  i s  
u s e f u l  t o  u s e  more th a n  one s i n g l e  c o m p a ra to r  i s o t o p e ,  t o  m o n i t o r  t h e  r a t i o  
o f  e p i t h e r m a l  t o  t h e r m a l  n e u t r o n s ,  o r  a  s i n g l e  e le m e n t  w i t h  d i f f e r e n t  
i s o t o p e s  fo rm ed  by ( n ,y )  r e a c t i o n .
The m o st  commonly u s e d  s t a n d a r d  i s  a  m u l t i e l e m e n t  s t a n d a r d  c o n t a i n i n g  
known amounts o f  th e  e le m e n ts  o f  i n t e r e s t .  T h is  ty p e  o f  s t a n d a r d  can  b e  
p r e p a r e d  e i t h e r  by d i s s o l v i n g  a c h e m ic a l  s t a n d a r d  ( M a s s a r t  e t  a l .  1968 , 
C o r n e l l s  1973) and e v a p o r a t i n g  i t  on an a b s o r b e r  su c h  a s  f i l t e r  p a p e r ,  o r ,  
c h o o s in g  a r e f e r e n c e  sam ple  c o n t a i n i n g  many e l e m e n t s .  T h ese  e l e m e n t s  m u s t  
be  d i s t r i b u t e d  hom ogeneously  w i t h i n  t h a t  s a m p le .  A m a t e r i a l  s u c h  as  t h i s  can
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be  s u b d iv id e d  and c i r c u l a t e d  be tw een  u s e r s  as  a  r e f e r e n c e  m a t e r i a l .  T hese  
r e f e r e n c e  m a t e r i a l s  can b e  u s e d  f o r  t e s t i n g  th e  a c c u r a c y  and th e  p r e c i s i o n  
o f  e i t h e r  t h e  a n a l y t i c a l  l a b o r a t o r i e s  o r  t h e  a n a l y t i c a l  t e c h n i q u e s .  I f  t h e  
r e f e r e n c e  m a t e r i a l  i s  t o  b e  u s e d  f o r  q u a n t i t a t i v e  p u r p o s e s  a  s t a n d a r d  
r e f e r e n c e  m a t e r i a l  (SRM) i s  n e e d e d ,  whose c o m p o s i t io n  h a s  b e e n  d e te r m in e d  
w i t h  s u f f i c i e n t  a c c u r a c y  t o  c e r t i f y  t h e  am ounts o f  some o f  i t s  com ponen ts .  
T here  a r e  c h e m ic a l ,  g e o l o g i c a l ,  a g r i c u l t u r a l  and  b i o l o g i c a l  s t a n d a r d  r e f e r e n c e
m a t e r i a l s  and i t  i s  a lw ays a d v i s a b l e  t o  u s e  t h e  s t a n d a r d  o f  t h e  same
m a t r ix  (La F l e u r  1974) o f  th e  unknown.
Bowen (1975) had  d i s c u s s e d  th e  n e e d  and  th e  p r o p e r t i e s  o f  SRM, The 
U n i te d  S t a t e s  N a t i o n a l  B u reau  o f  S ta n d a r d s  have  b e e n  i s s u i n g  SRM w i t h  few 
c e r t i f i e d  e l e m e n t s .  The b e s t  c h a r a c t e r i z e d  ones i n  c u r r e n t  u s a g e  a r e
SRM-1577- O rc h a rd  L eaves  p r e p a r e d  and C e r t i f i e d  f o r  A s ,  B , Ca, Cd, Cu, F e ,
Hg, K, Mg, Mn, N, Na, N i ,  P ,  P b , S e ,  U and Zn, and  SRM-1575- B o v in e  l i v e r
c e r t i f i e d  f o r  Cd, Cu, F e ,  Hg, K, Mn, N i ,  P b ,  Rb, Se and Zn. Amongst o t h e r
SRM i s s u e d  by  th e  NBS a r e  tom ato  l e a v e s , s p i n a c h ,  c o a l  and f l y  a s h .  Bow en 's
K a le  i s  a  w id e ly  u s e d  SRM w hich  c o n t a i n s  a lm o s t  t h e  same e le m e n ts  a s  o r c h a r d
l e a v e s .  The I n t e r n a t i o n a l  A tom ic  E ne rgy  Agengy c i r c u l a t e s  a  num ber o f  
r e f e r e n c e  m a t e r i a l s  i n c l u d i n g  w h e a t  f l o u r ,  d r i e d  m i l k ,  d r i e d  a n im a l  b lo o d  
and o t h e r  new r e f e r e n c e  m a t e r i a l s  (RM) p r o p o s e d  f o r  i n t e r c o m p a r i s o n  w ork .
I t  s h o u ld  be  remembered t h a t  th e  c e r t i f i e d  v a l u e s  a r e  n o t  a lw ay s  
a c c u r a t e ,  f o r  e x a n ^ l e , a r s e n i c  i n  t h e  NBS o r c h a r d  l e a v e s  was o r i g i n a l l y  
c e r t i f i e d  a s  14 ± 2 ppm. S e v e r a l  l a b o r a t o r i e s  fo u n d  i t  t o  b e  t o o  h i g h ,  and 
r e v i s e d  down t o  10 ± 2 ppm.
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4 .7  D e t e c t i o n  L i m i t s  i n  D i f f e r e n t  B i o l o g i c a l  M a t e r i a l s
The c o n c e p t  o f  a  d e t e c t i o n  l i m i t  h a s  b e e n  d i s c u s s e d  i n  2 .1 0 .  However, 
a s  p u r e l y  i n s t r u m e n t a l  n e u t r o n  a c t i v a t i o n  a n a l y s i s  was u s e d ,  i t  i s  more 
c o n v e n ie n t  t o  l i s t  r e a l i s t i c  v a l u e s  o f  d e t e c t i o n  l i m i t s  w h ich  can  be  
a c h ie v e d  by  t h i s  m ethod (S py rou  e t  a l .  1 9 7 3 ) .  T hese  v a lu e s  can  s e r v e  a s  
a  g u id e  f o r  s e l e c t i n g  t h e  s u i t a b l e  i r r a d i a t i o n  and c o u n t in g  c o n d i t i o n s  
i n  m u l t i e l e m e n t  a n a l y s i s .  The v a l u e s  can  b e  d e r i v e d  from  e x p e r i m e n t a l  
d a t a  by  c h o o s in g  s a y  t h e  f u l l  w id th  a t  t e n t h  maximum (FWTM) t o  i n c l u d e  
th e  m a j o r i t y  o f  t h e  f u l l  e n e rg y  p eak  c o u n ts  w h ich  i s  i n s e n s i t i v e  t o  s m a l l  
v a r i a t i o n s  i n  p eak  s h a p e .  F o r  t h e  s p e c t r a  a c c u m u la te d  u n d e r  t h e  v a r i o u s  
i r r a d i a t i o n  and c o u n t in g  c o n d i t i o n s  t h e  i n t e g r a t e d  m a t r i x  c o u n t  (B) i s  
c a l c u l a t e d  b e tw een  e n e rg y  i n t e r v a l s  e q u a l  t o  t h e  peak  FWTM v a l u e s  a t  
c h a n n e l  p o s i t i o n  e q u i v a l e n t  t o  th e  c h a r a c t e r i s t i c  p h o to n  e n e rg y  o f  t h e  
t r a c e  e le m e n ts  o f  i n t e r e s t .  These  B v a l u e s  fo rm  t h e  m a t r i x  b a c k g ro u n d  w h ich  
would u n d e r l i e  t r a c e  e le m e n t  p e a k s  when t h e y  a r e  p r e s e n t .  The s t a t i s t i c a l  
v a r i a t i o n s  / b i n  B i s  a  fu n d a m e n ta l  l i m i t  o f  d e t e c t i o n  f o r  p a r t i c u l a r  t r a c e  
e le m e n t  i n  such  a  m a t r i x .  T a b le  4 .7  and 4 .8  g i v e s  t h e  c a l c u l a t e d  d e t e c t i o n  
l i m i t s  e x p r e s s e d  i n  y g /g  b a s e d  on t h e  a s s u m p t io n  t h a t  t h e  minimum d e t e c t a b l e  
s i g n a l  i s  ^  / b f o r  h a i r ,  n a i l ,  l i v e r  and m u s c le .  T hese  v a l u e s  o f  s t a t i s t i c a l  
v a r i a t i o n  a r e  c a l i b r a t e d  by  u s in g  s t r o n g  p e a k s  i n  t h e  s p e c t ru m  o f  c e r t i f i e d  
NBS s t a n d a r d  r e f e r e n c e  m a t e r i a l s .  I r r a d i a t i o n  c o n d i t i o n s  f o r  w h ich  t h e s e  
v a lu e s  a p p ly  w ere  g iv e n  i n  T a b le  4 .3  and c o u n t i n g  was c a r r i e d  o u t  by  u s i n g  
a t r u e  c o - a x i a l  c y l i n d r i c a l  G e(L i)  d e t e c t o r  w i t h  a  s e n s i t i v e  volum e o f  45 cm^. 
E x a m in a tio n  o f  T a b le  4 .7  and 4 .8  s u g g e s t s  t h a t  t h e  m a t r i x  w i l l  a f f e c t  t h e  
v a lu e s  o f  d e t e c t i o n  l i m i t  and f o r  t h e  same m a t r i x  t h e  mode o f  i r r a d i a t i o n  can  
be chosen  a c c o r d in g  t o  t h e  s e n s i t i v i t y  to w a rd s  t h e  e le m e n t  o f  i n t e r e s t .
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T a b le  4 .7  R e a l i s t i c  V a lu e s  o f  D e t e c t i o n  L i m i t s  o f  E le m e n ts  i n  H a i r  
and N a i l  Samples i n  y g /g  M easured  a s  G iven i n  T a b le  ( 4 .3 )
E lem ent I s o t o p e E nergy H a i r  (43 mg) N a i l  ( 6 .5  mg)
Na Z^Na 1368 . 10 40
Mg 27Mg 1014 200 600
C£ 38c& 1642 15 60
S 37s 3102
1 "G 75
Ca 49Ca 3083 140 380
j
V 52y 1434 .001 0 .0 0 5
Mn S^Mn 1810 .06 .2
Cu GGcu 1039
1
I  3 14
Zn 64zn 1115
I  . 1 1 1
Br SOgr 618 1 .4 5
S r 8 5 s r 388 10 15
I 128x 442 .03 .04
Ba 139Ba 165 1 2
Au 198^y 411
.004 .05 1
Hg 20 3ng 158
.17 .4 5  :
D e t e c t io n  l i m i t s  a r e  t a k e n  as  3 / b
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T a b le  4 .8  R e a l i s t i c  V a lu e s  o f  D e t e c t i o n  L i m i t s  i n  R a b b i t  L i v e r  and
M uscle  Sam ples M easured  Under C o n d i t io n s  Given i n  T a b le  ( 4 .3 )
E lem ent I s o t o p e  E ne rgy
L i v e r  (280 mg) M uscle  (260 mg)
c y c l i c  s h o r t  lo n g  c y c l i c  s h o r t  lo n g
Na
Mg
C£
K
Ca
Mn
Cu
Co
Fe
Zn
Se
Rb
Br
24Na
27Mg
38C£
42K
56Mn
66cu
GOCo
59pe
65Zn
77m
75
Se
Se
BGmRb
86Rb
80gr
82Br
1368 75
1014
3083
1810
1039
1332
1292
1115
161
264
5 5 5 .8
618
621
82
1642 53
9 .6
.57
12 195
92
14
1525 3336 394
272 58
4 .6  .7
.06  .05
58
.013
17
1 3 .2
.29
.82
.108
63
68
54
258
3 .1 8
8 .5
.059
1 .9
.448
10
78
10
3062 364
46
.4
,04
48
55
.004
7 .1 3
.21
.102
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4 .8  F lu x  M o n i to r in g  and M easurem ent
S in c e  t h e  n e u t r o n  s p e c t r u m  i s  a f f e c t e d  by  t h e  m o d e r a to r ,  t h e  n e u t r o n  
d e n s i t y  w i l l  d i f f e r  from  one p o s i t i o n  to  a n o th e r  i n  t h e  cone tu b e .  H ence, 
f l u x  m o n i to r s  o r  c o m p a ra to r  s t a n d a r d s  w ere  r o u t i n e l y  u se d  f o r  i n d i v i d u a l  
e x p e r im e n t s  t o  d e te r m in e  t h e  f l u x  d i s t r i b u t i o n  i n  t h e  i r r a d i a t i o n  
f a c i l i t i e s .  M easurem ents  o f  f l u x  w ere  made i n  t h e  i r r a d i a t i o n  p o s i t i o n s  
i n  o r d e r  t o  p r e d i c t  t h e  in d u c e d  a c t i v i t y  o f  i r r a d i a t e d  n u c l i d e .  A c t i v a t ­
io n  d e t e c t o r s ,  i n  t h e  fo rm  o f  h i g h  p u r i t y  e l e m e n t a l  f o i l s  and w i r e s  w ere  u se d  
f o r  t h i s  p u r p o s e .  T h is  t e c h n i q u e  h a s  many a d v a n ta g e s ,  p r i n c i p a l l y  b e c a u s e  
i t  d i s c r i m i n a t e s  a g a i n s t  non—n e u t r o n  r a d i a t i o n  and s e n s i t i v i t y  o v e r  a  w ide  
r a n g e  o f  e n e r g i e s  by j u d i c i o u s  c h o ic e  o f  m a t e r i a l s .  The m easu rem en ts  a r e  
l i m i t e d  by th e  a c c u r a c y  w i t h  w h ich  n u c l e a r  d a t a  o f  t h e  t a r g e t  n u c l i d e s  
a r e  known and th e  a c c u r a c y  w i t h  w h ich  r e a c t i o n  a c t i v i t i e s  can  be  d e te r m in e d .
The s e l e c t i o n  o f  a c t i v a t i o n  d e t e c t o r s  depends  on t h e  e n e rg y  r e g i o n  o f  
i n t e r e s t  and t h e  f l u x  d e n s i t y  in v o lv e d  a lo n g  w i t h  o t h e r  f a c t o r s  (IAEA T e c h n ic a l  
r e p o r t  No. 107, 1970) such  a s  t h e  c h e m ic a l  and i s o t o p i c  p u r i t y ,  t h e  s i z e  
o f  t h e  d e t e c t o r ,  t h e  h a l f  l i f e  and d e c a y  scheme and t h e  a c t i v a t i o n  c r o s s  
s e c t i o n  i n  t h e  t h e r m a l  and e p i t h e r m a l  r e g i o n s .  Gold and c o b a l t  f o i l s  w ere  
u sed  f o r  f l u x  m easu rem en ts  i n  ICIS w h i l s t  i r o n  w i r e s  w ere  u s e d  i n  t h e  
270 / 3  CT and th e  270 /4  CT. The p h y s i c a l  and n u c l e a r  p a r a m e t e r s  o f  t h e s e  
a c t i v a t i o n  d e t e c t o r s  a r e  sum m arised  i n  T a b le  ( 4 . 9 ) .  M a t e r i a l s  w ere  c h o sen  
to  be a s  t h i n  a s  p o s s i b l e  su ch  t h a t  f l u x  d e p r e s s i o n  and s e l f  s h i e l d i n g  
e r r o r s  w ere  m in im is e d .  Gold and c o b a l t  have  s u b s t a n t i a l  th e r m a l  n e u t r o n  
c a p tu r e  c r o s s  s e c t i o n s  and dom inan t  r e s o n a n c e s  i n  t h e  e p i t h e r m a l  r e g i o n  a t
4 .9  and 132 eV r e s p e c t i v e l y .  To o b t a i n  t h e  v a lu e  f o r  t h e  th e r m a l  n e u t r o n  
f l u x  two f o i l s  w ere  i r r a d i a t e d  i n d i v i d u a l l y  w i t h  and w i t h o u t  cadmium
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Table 4.9 Summary of Activation Detector Data for Flux Measurement
Detector Au Co Fe Ni Fe(54Z)Ni(29%)Co(17Z) alloy
Geometry Foil Wire Wire Wire Foil
Purity 99 99.9 99.9 . 99.9 500 ppm Mn
Thickness (ptq) .1 *.25 *.25 „ *500 125
Dimensions(mm) *7 n, 10 • \t 10 2 x 5 *7
Mass mg 7 2 2 56 51
Reaction n,Y n,Y n.Y n,p- ^n.p) n,Y
Produced isotope 198AU 60co S^Fe 5'*Mn 58Co S^Mn
Half life(days) 2.7 1920 45 303 71.3 .1
Gamma energy 412 1173 1099 835 810 847
Intensity 95 100 56 100 99 70
Target isotope 100 100 .31 5.84 67.76 100
abundance
Atomic weight^ 196.97 58.93 55.85 55.85 58.71 55
Ojj barns^ 98.8 38 1.15 - 13.3*
I barns^ 1550 75 1.19 - 11.8*
Resonance energy 4.9 132 230 - 337
a IAEA (1970) 
b De Soete (1972) 
c IAEA (1974)
Table 4.10 Summary of Flux Measurement» for Three irradiation 
Positions at ULRC
Facility ♦th " C*Au C*Co
*^ n cm"2#-l
ICIS 2.02 X 10*2 2.33 9.92 1.03 X 10*2
270/3
*
1.2 X 10*2 - 15.7 2.9 X 10**
270/4
*
.8 » 10*2 - 21.7 2.2 X 10**
Burholl  (1977)
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s h i e l d i n g  i n  ICIS a t  a  f i x e d  g e o m e try  f o r  a  c h o sen  p e r i o d  t o  p ro d u c e  
s u f f i c i e n t  a c t i v i t i e s  f o r  c o u n t in g  i n  a  gamma s p e c t r o m e t e r .
I n  t h e  c a se  o f  Co and Ni, m e t a s t a b l e  i s o t o p e s  a r e  a l s o  p ro d u c e d  
th ro u g h  th e  r e a c t i o n s  S^Co (n ,Y )^°C o“  and 58^ ;  ( n ,p )3 8 c o “  w i t h  h a l f  l i v e s  
o f  1 0 ,5  min and 9 .2  h  r e s p e c t i v e l y .  T hese  i s o t o p e s  d e c a y  by  i s o m e r i c  
t r a n s m i s s i o n  t o  t h e  g round  s t a t e  and th u s  t h e i r  p r e s e n c e  i n t e r f e r e s  w i t h  
t h e  a c t i v i t y  m easu rem en ts  o f  GO^o and GBc q , c o n s e q u e n t ly  a d e q u a te  w a i t i n g  
t im e s  w ere  a l lo w e d  f o r  t h e  m e t a s t a b l e  i s o t o p e s  t o  c o m p le te ly  d e c ay  b e f o r e  
c o u n t in g  commenced th u s  s i m p l i f y i n g  f l u x  c a l c u l a t i o n s .
W h i l s t  t h e  sam p les  a r e  b e in g  a c t i v a t e d  i n d i v i d u a l l y  i n  t h e  s h o r t  
i r r a d i a t i o n  f a c i l i t y ,  i t  i s  p r a c t i c a l  d u r in g  lo n g  i r r a d i a t i o n s  t o  a c t i v a t e  
as  many sam p les  a s  p o s s i b l e  ( u s u a l l y  7 i n  e a c h  i r r a d i a t i o n  c o n t a i n e r )  
s i m u l t a n e o u s l y  i n  one c o n t a i n e r .  The s t a n d a r d  c o n t a i n e r s  a r e  75 mm i n  
l e n g t h  and t h e r e f o r e  i t  i s  r e a s o n a b l e  t o  e x p e c t  t h a t  t h e r e  w i l l  be  
a p p r e c i a b l e  f l u x  g r a d i e n t s  a lo n g  th e  c o n t a i n e r ,  r e s u l t i n g  i n  d i f f e r e n t  
sam ples  r e c e i v i n g  u n e q u a l  f l u e n c e s  o v e r  t h e  i r r a d i a t i o n  p e r i o d .
F in e  i r o n  w i r e s  w ere  p l a c e d  a lo n g  t h e  w hole  l e n g t h  o f  c o n t a i n e r s  i n  
th e  two i r r a d i a t i o n  p o s i t i o n s  c l o s e s t  t o  t h e  c e n t r e  o f  c o re  w i t h i n  t h e  
2 7 0 ° /3  CT. Upon rem ova l  from  t h e  c o r e ,  e a c h  w i r e  was d i v i d e d  i n t o  e i g h t  
e q u a l  l e n g t h s ,  w eighed  and t h e i r  a c t i v i t y  m e a s u re d .  I r o n  h a s  t h e  a d v a n ta g e  
t h a t  t h e  38pg ( n ,y )^ 3 F e  r e a c t i o n  can  be  u se d  f o r  th e r m a l  f l u x  d e t e r m i n a t i o n  
w h i l s t  a t  t h e  same t im e  th e  ^^pe (n ,p)8^M n r e a c t i o n  i s  a  s u i t a b l e  t h r e s h o l d  
d e t e c t o r .  T h is  r e a c t i o n  i s  an exam ple  o f  a  t h r e s h o l d  r e a c t i o n  w i t h  a  
p o s i t i v e  Q v a l u e .  F i g .  ( 4 .3 )  shows t h e  th e r m a l  and f a s t  f l u x  d i s t r i b u t i o n s  
th ro u g h  th e  2 7 0 ° /3  CT, w i t h  r e s p e c t  t o  t h e  h o r i z o n t a l  c e n t r e  l i n e  o f  t h e  c o re  
T here  i s  a 17% d i f f e r e n c e  i n  th e r m a l  f l u x  b e tw een  t h e  c e n t r e  o f  t h e  c o r e  and
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F i g .  4 .3  Therm al and F a s t  F lu x  D i s t r i b u t i o n s  Through t h e  2 7 0 ° /3  CT 
w i t h  r e s p e c t  t o  t h e  h o r i z o n t a l  C e n t r e  L in e  o f  t h e  C o re .
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75 nrni away from  t h e  c e n t r e ,  t h i s  d i f f e r e n c e  i s  30% f o r  t h e  f a s t  f l u x .
T h is  g r a d i e n t  w hich  i n t r o d u c e s  c o n s i d e r a b l e  d i s c r e p a n c i e s  i n  a c t i v a t i o n  
m easu rem en ts  b e tw een  sam p les  w i t h o u t  c o r r e c t i o n  i n c r e a s e s  w i t h  d i s t a n c e  
from  th e  r e a c t o r  c o re  c e n t r e .  F i g .  ( 4 .4 a )  shows t h e  f l u x  d i s t r i b u t i o n s  
o v e r  f o u r  i r r a d i a t i o n  p o s i t i o n s  c l o s e s t  t o  t h e  c e n t r e  o f  t h e  c o re  i n  
270 / 4  CT f a c i l i t y .  T h e re  i s  a  22% d i f f e r e n c e  i n  t h e  th e r m a l  f l u x  b e tw e en  
th e  c e n t r e  o f  t h e  c o re  and 150 mm on e i t h e r  s i d e  o f  t h e  c e n t r e .  T h is
i n c r e a s e s  t o  50% when t h e  s i x  a v a i l a b l e  p o s i t i o n s  a r e  u s e d  
( F ig .  4 . 4 b ) .
F i n a l l y  t h e  r e s u l t s  o f  f l u x  m easu rem en ts  a r e  sum m arised  i n  T a b le  
( 4 . 1 0 ) .  These  r e s u l t s  a r e  g e n e r a l l y  i n  c l o s e  a g re e m e n t  w i t h  o t h e r  
co m p reh en s iv e  f l u x  m easu rem en ts  by B u r h o l t  (1 9 7 7 ) ,  B e r e z n a i  and MacMahon
(1977) w i t h  ICIS h a v in g  t h e  h i g h e s t  th e r m a l  f l u x  due t o  i t s  c e n t r a l  l o c a t i o n  
i n  t h e  c o re  and, b e in g  so  c l o s e  t o  t h e  f u e l ,  h a s  a  v e r y  c o n s i d e r a b l e  f a s t  
f l u x .
4 .9  Sample P r e p a r a t i o n  f o r  TEM
The l i m i t e d  p e n e t r a t i o n  o f  t h e  e l e c t r o n  beam i n  t h e  e l e c t r o n  m ic r o ­
scope  demands p r e p a r a t i o n  o f  u l t r a  t h i n  s e c t i o n s .  I n  t h e  mean t im e  th e  
specim en  had  t o  be p r e s e r v e d  i n  a  l i f e - l i k e  s t a t e  and h av e  a s u p p o r t  ( i n  t h e  
c a s e  o f  s o f t  b i o l o g i c a l  s p e c im e n s )  f o r  u l t r a  t h i n  s e c t i o n i n g .  F o r  t h i s  
r e a s o n  i t  i s  n e c e s s a r y  t o  a d o p t  a  s e r i e s  o f  s t e p s  t h a t  i s ,  f i x a t i o n ,  
d e h y d r a t io n  and embedding o f  th e  sp e c im e n .  A l th o u g h  t h e s e  s t e p s  a r e  
d i s c u s s e d  f u l l y  i n  t h e  d i f f e r e n t  t e x tb o o k s  on h i s t o l o g y  and e l e c t r o n  m ic r o ­
scopy  a b r i e f  d i s c u s s i o n  w i l l  be c o n d u c te d  h e r e  p u t t i n g  t h e  e m p h a s is  on t h e  
t e s t s  c a r r i e d  o u t  th ro u g h o u t  t h e  e x p e r i m e n t a l  w ork .
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• The aim  o f  f i x a t i o n  i s  t o  s t a b i l i s e  c e l l u l a r  o r g a n i z a t i o n  
t o  such  an e x t e n t  t h a t  u l t r a s t r u c t u r a l  r e l a t i o n s  a r e  p r e s e r v e d  d e s p i t e  
t h e  s u b s e q u e n t  r a t h e r  d r a s t i c  t r e a t m e n t s  o f  d e h y d r a t i o n ,  embedding and 
e x p o s u re  t o  t h e  e l e c t r o n  beam. The p r a c t i c a l  a s p e c t s  o f  t h e  p r o c e d u r e  
a r e  w e l l  e s t a b l i s h e d  and have  b e e n  d e s c r i b e d  by  P e a r s e  ( 1 9 6 8 ) ,  H ayat
(1971) and P e a s e  (1 9 6 4 ) .  The f i x a t i v e  may in d u c e  n o t i c e a b l e  
p h y s i o l o g i c a l  c h a n g e s ,  su c h  a s  c o n t r a c t i o n  o r  r e l a x a t i o n  o f  m u sc le  f i b r e s  
The e f f e c t s  o f  i n d i v i d u a l  f i x a t i v e s  w ere  d e s c r i b e d  a s  w e l l  w i t h  t h e  
i n f l u e n c e  o f  t h e  b u f f e r  and o s m o l a r i t y  by  G l a u e r t  (1974) and  Rasm ussen (1 9 7 4 ) .  
However i t  i s  im p o r t a n t  t o  r e a l i s e  t h a t  t h e r e  i s  no  one p e r f e c t  f i x a t i v e  
f o r  a l l  t y p e s  o f  spec im en  and n o t  o n ly  do d i f f e r e n t  t i s s u e s  r e q u i r e  d i f f e r e n t  
f i x a t i v e s ,  b u t  i t  may even  be  n e c e s s a r y  t o  u s e  d i f f e r e n t  f i x a t i v e s  a t  
^ ^ ^ ^G re n t  s t a g e s  o f  d e v e lo p m en t  o f  t i s s u e  o r  d i f f e r e n t  s t r u c t u r a l  e le m e n ts  
w i t h i n  a  t i s s u e .  T h e re  a r e  many ty p e s  o f  f i x a t i v e s  i n  c u r r e n t  u s e  e . g .  
osmium t e t r o x i d e ,  g l u t r a l d e h y d e ,  f o rm a ld e h y d e ,  a c r o l e i n  and o t h e r  a ld e h y d e  and 
perm anganate  f i x a t i v e s .  F o rm aldehyde  was u se d  and r e s u l t s  show good p r e s e r ­
v a t i o n  o f  c e l l  s t r u c t u r e .  F i g .  ( 4 . 5 ) .  F o rm aldehyde  s o l u t i o n  was p r e p a r e d  i n  
th e  h i s t o l o g y  d e p a r tm e n t  a t  S t .  L u k e 's  H o s p i t a l ,  G u i l d f o r d  f rom  pow d e re d  
p a ra fo rm a ld e h y d e  ( T ic o x y m e th y le n e ) .
D e h y d ra t io n  : Most em bedding m edia  a r e  n o t  s o l u b l e  i n  w a t e r  and  a s  a  r e s u l t
o f  t h i s  t h e  em bedding medium w i l l  n o t  p e n e t r a t e  t i s s u e s  i n  t h e  p r e s e n c e  o f  
w a t e r .  C o n s e q u e n t ly  f i x e d  sp ec im en s  a r e  d e h y d r a t e d  by  p a s s i n g  them  th ro u g h  
a seq u en ce  o f  s o l u t i o n s ,  t h e  l a s t  o f  w h ich  i s  m i s c i b l e  w i t h  t h e  em bedding 
medium. The epoxy r e s i n s  a r e  s o l u b l e  i n  t h e  two m ost w i d e ly  u s e d  d e h y d r a t ­
io n  a g e n t s ,  e t h a n o l  and a c e t o n e ,  b u t  t h e y  mix much more r e a d i l y  w i t h  p ro p y ­
l e n e  o x id e  (1 ,  2 epoxy p r o p a n e ) .  H ence , p r o p y le n e  i s  f r e q u e n t l y  u s e d  a s  t h e  
l a s t  s t a g e  o f  d e h y d r a t io n  b e f o r e  em bedding i n  epoxy  r e s i n .  T hrough  d e h y d r a t ­
io n  th e  d e h y d r a t in g  a g e n t  w i l l  e x t r a c t  l i p i d s  and p r o t e i n s  (Wood, 1963) and
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many e le m e n ts  ( s e c  4 .2  and 4 . 3 ) ,  The d e h y d r a t i o n  can  b e  c a r r i e d  o u t  by  
s t a n d a r d ,  r a p i d  o r  p a r t i a l  d e h y d r a t io n  m e th o d s .  The s t a n d a r d  m ethod was 
u se d  i n  t h i s  work f o l l o w i n g  t h i s  s c h e d u le
50% e t h a n o l  o r  a c e to n e  i n  w a t e r  10 min
70% e t h a n o l  o r  a c e to n e  i n  w a t e r  10 min
95% e t h a n o l  o r  a c e to n e  i n  w a t e r  10 min
100% e t h a n o l  o r  a c e to n e  15 min
100% e t h a n o l  o r  a c e to n e  15 min
T h is  was c a r r i e d  o u t  a t  room t e m p e r a t u r e .  Specim ens t o  be  embedded 
i n  epoxy r e s i n  w ere  t h e n  p a s s e d  th ro u g h  two c h a n g e s ,  15 min e a c h ,  o f  
p r o p y le n e  o x id e  as  an  i n t e r m e d i a t e  s o l v e n t .
Embedding : F o r  t h i n  s e c t i o n i n g  i t  i s  n e c e s s a r y  t o  i n f i l t r a t e  t h e  b i o l o ­
g i c a l  sp ec im en s  w i t h  a  l i q u i d  embedding medium w h ich  i s  t h e n  p o ly m e r i s e d  
t o  p ro d u c e  a  s o l i d  b l o c k .  Some o f  t h e  m a jo r  f a c t o r s  w h ich  d e te r m in e  t h e  
s u i t a b i l i t y  o f  an  em bedding medium a r e :
1 . E asy  a v a i l a b i l i t y
2 .  Low v i s c o s i t y  as  a  monomer
3 . L i t t l e  change  i n  volume d u r in g  p o l y m e r i s a t i o n  and h a r d e n i n g
4 . T h e r m o s t a b i l i t y  u n d e r  e l e c t r o n  bombardment
5 .  Good c u t t i n g  q u a l i t y  t h a t  i n c l u d e s  h o m o g e n e i ty ,  h a r d n e s s ,  p l a s t i c i t y  
and e l a s t i c i t y
6 . U nifo rm  p o l y m e r i s a t i o n
7. R e s i s t a n c e  t o  h e a t  g e n e r a t e d  by s e c t i o n i n g
8. Good p r e s e r v a t i v e  o f  f i n e  s t r u c t u r e
I n  a d d i t i o n  t o  t h e s e  f a c t o r s  a  good em bedding  medium s h o u ld  n o t  a c t  
a s  a  b a r r i e r  t o  t h e  p e n e t r a t i o n  o f  s o l u t i o n s  o f  h e a v y  m e ta l  s t a i n s  d u r in g  
p o s t  f i x a t i o n  o f  t h i n  s e c t i o n s .
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The m ost commonly u s e d  m a t e r i a l s  a s  embedments a r e  epoxy r e s i n s ,  
p o l y e s t e r  r e s i n s  and m e t h a c r y l a t e s .  However t h e  c h o ic e  i s  d e te r m in e d  
as  a lw ays by  th e  ty p e  o f  t i s s u e s .  As some o f  t h e  sa m p le s  u n d e r  c o n s i ­
d e r a t i o n  a r e  h a r d ,  e . g .  h a i r  and n a i l  t h e n  t h e  medium m ust have  low 
v i s c o s i t y  t o  i n f i l t r a t e  t h e  spec im ens  s u f f i c i e n t l y  and m ust b e  h a r d  and 
r i g i d  enough t o  p r e v e n t  s h a t t e r i n g  c£ t h e  sam ple  when c u t .  D i f f e r e n t  
epoxy m ix tu r e s  had  b e e n  t e s t e d ,  th ro u g h o u t  t h i s  w ork , f o r  e a s y  c u t t i n g ,  
minimum s h r i n k a g e  and good p r e s e r v a t i o n .  The c o m p o s i t io n  o f  t h e s e  r e s i n s  
a r e :
1) A m ix tu r e  o f  Epon 812 and A r a l d i t e  CY 2 1 2 . 10 ml o f  t h i s  m ix t u r e
c o n s i s t s  o f :
2 .5  ml Epon 812
1 .5  ml A r a l d i t e  CY 212
5 .5  ml DDSA (d o d e c e n y l  s u c c i n i c  a n h y d r i t e )
.3  ml NPT' ( n - b u t y l  p h t h a l a t e )
.1  ml DMP30 ( th e  t r a d e  name o f  2 ,  4 ,  6—t r i ( d i m e t h y l —aurinom ethyX
p h e n o l)
2) A r a l d i t e  CY 212 embedding k i t . The p r o p o r t i o n  u s e d  b e lo w  i s  recommended 
by th e  m a n u f a c tu r e r  to  p ro d u c e  b l o c k s  o f  medium h a r d n e s s ,  h a r d e r  o r  
s o f t e r  b lo c k s  can  be o b t a i n e d  by  v a r y i n g  t h e  amount o f  ha^edner o r  
p l a s t i c i s e r .  100 g o f  t h e  m ix tu r e  c o n s i s t s  o f :
49 g A r a l d i t e  CY 212
49 g DDSA (d o d e c e n y l  s u c c i n i c  a n h y d r id e )
0 .5 - 1  g DPT ( t r a d e  name o f  a  p l a s t i c i z e r ,  d i b u t y l  p h t h a l a t e )
1*5-2 g BDMA ( N -b e z y l ,  N -N -d im e thy la m in e )
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3) Epon 812 r e s in  k i t
T h is  r e s i n  i s  p r e p a r e d  by  m ix in g  two m ix t u r e s  A and  B a f t e r  t h e y  
have  b e e n  p r e p a r e d  s e p a r a t e l y .  I t  c o n s i s t s  o f
M ix tu re  A
80 g
93 g 
M ix tu re  B
100 g
78 g
Epon 812
DDSA (d e d e c e n y l  s u c c i n i c  a n h y d r id e )  
Epon 812
MNA (m e th y l  n a d ic  a n h y d r id e )
The m ix tu r e  can  be  s t o r e d  i n  t h e  r e f r i g e r a t o r  b u t  s h o u ld  n o t  be  
m ixed u n t i l  t h e  day  i t  i s  u s e d .  B e fo re  u s e  1 .5 —2% o f  t h e  a c c e l e r a t o r  
DMP-30 i s  ad d e d .  The e x p e r im e n t  shows t h a t  t h e  b e s t  r e s u l t s  a r e  
o b t a i n e d  w i t h  a  p r o p o r t i o n  o f  4 t o  6 from  m ix t u r e  A and B r e s p e c t i v e l y .
4) E M ix . The E Mix h a r d e n e r s  a r e  f o r m u la t e d  m ix t u r e  o f  DDSA, MNA and DBT 
w h e re as  t h e  a c c e l e r a t o r  i s  r e a d i l y  m easu red  i n  a  s e a l e d  am poule  m aking  
i t  e a s i e r  t o  u s e .  The k i t  comes i n  t h r e e  b o t t l e s : r e s i n ,  h a r d e n e r  and 
a c t i v a t o r .  T h is  m ix tu r e  i s  p r e p a r e d  s im p ly  by  m ix in g  t h e s e  t h r e e  b o t t l e s
T h e re  a r e  many embedding p r o c e d u r e s  u s i n g  d i f f e r e n t  r e s i n s .  Some o f  
t h e s e  m ethods w ere  d e s c r i b e d  by Kay (1965) and S j o s t r a n d  (1 9 6 7 ) .  The 
s c h e d u le  u s e d  h e r e  f o r  t h e  embedment o f  s o f t  t i s s u e  and h a i r  s a m p le s  i s :
50% r e s i n  
70% r e s i n  
100% r e s i n  
100% r e s i n
50% p r o p y le n e  o x id e  
30% p r o p y le n e  o x id e
45 min 
45 min 
2 h r s  
24 h r s .
The f i r s t  t h r e e  changes  w ere  c a r r i e d  o u t  a t  room t e m p e r a t u r e  w h e re a s
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i n  t h e  l a s t  change  t h e  sam ple  was l e f t  i n  t h e  oven a t  60°C f o r  24 h r s .  
f o r  p o l y m e r i s a t i o n .  D u r in g  th e  f i r s t  change  o f  100% r e s i n  a  vacuum o f  
a b o u t  30 mm Hg was a p p l i e d .  T h is  was r e p e a t e d  f o r  one h o u r  i n  t h e  l a s t  
change o f  r e s i n  b e f o r e  t r a n s f e r r i n g  t h e  sam ple  t o  t h e  oven . The vacuum 
a i d s  im p r e g n a t io n  w i t h  t h e  r e s i n  and rem oves any b u b b le s  i n c o r p o r a t e d  
d u r in g  m ix in g .
The m ain  f a c t o r  e f f e c t i n g  th e  embedding p r o c e d u r e  i s  i n f i l t r a t i o n ,  
as  co m p le te  and u n i fo r m  p e n e t r a t i o n  o f  a  t i s s u e  spec im en  i s  a c c o m p l i s h e d  
th ro u g h  i n f i l t r a t i o n  and th e n  em bedding . I t  i s  u n d e r s to o d  t h a t  i n f i l t r a t ­
io n  in v o lv e s  e s s e n t i a l l y  a  g r a d u a l  r e p la c e m e n t  o f  t h e  d e h y d r a t i n g  a g e n t  ■ 
w i th  t h e  em bedding  medium, w h i l e  em bedding c o n s i s t s  o f  c o m p le te  im p r e g n a t ­
io n  o f  t h e  i n t e r s t i c e s  o f  t h e  t i s s u e  sp e c im en .  I n f i l t r a t i o n  s h o u ld  n o t  be  
p ro lo n g e d  u n n e c e s s a r i l y  f o r  e x t r a c t i n g  and o t h e r  changes  i n  t h e  c e l l u l a r  
c o n s t i t u e n t s  c o n t i n u e  d u r in g  i n f i l t r a t i o n .  I n f i l t r a t i o n  i s  c a r r i e d  o u t  a t  
room t e m p e r a t u r e  a s  an i n c r e a s e  i n  t e m p e r a t u r e  lo w e rs  t h e  v i s c o s i t y  o f  t h e  
r e s i n .  Much f a s t e r  and u n i fo rm  p e n e t r a t i o n  o c c u r s  i f  t h e  sp e c im en  i s  i n  
c o n t in u o u s  m o t io n .  M e c h a n ic a l  a g i t a t o r s  h av e  b e e n  u se d  i n  t h e  p a s t  b u t  
t h e s e  w ere  n o t  em ployed h e r e ,  so l o n g e r  i n f i l t r a t i o n  t im e s  w ere  u s e d .
As a  r e s u l t  o f  t e s t i n g  th e  above f o u r  ty p e s  o f  r e s i n ,  i t  was p o s s i b l e  
t o  c o n c lu d e  t h a t :  i t  i s  d i f f i c u l t  t o  o b t a i n  an a c c e p t a b l e  h a r d n e s s  f ro m  t h e  
A r a ld i t e - E p o n  m ix tu r e  p r e p a r e d  u s in g  t h e  g r a v i t y  m ethod a s  t h e  p o ly m e r iz e d  
b lo c k  i s  e i t h e r  b r i t t l e  o r  s o f t  i n  s e c t i o n i n g  and i n f i l t r a t i o n  was p o o r  a s  
th e  h a i r  s h a t t e r e d  when c u t .  The A r a l d i t e  m ix t u r e  was good i n  s e c t i o n i n g ,  
a s  i t  was p o s s i b l e  t o  g e t  b o t h  t h i n  s e c t i o n s  (10 nm) and t h i c k  s e c t i o n s  
(1000 nm) o f  h a i r .  But t h e  empty s p a c e s ,  due t o  a i r  b u b b l e s ,  make t h e  
specim en  u n s t a b l e  u n d e r  t h e  e l e c t r o n  beam. The u s e  o f  t h e s e  two r e s i n s  t o  erabec 
t i s s u e  sam p les  p r e v i o u s l y  embedded i n  wax and w ashed i n  x y l e n e  was u n s u c c e s s ­
f u l  i n  s p i t e  o f  u s in g  an i n t e r m e d i a t e  s o l v e n t  (P ro p y le n e  o x id e )  so  th e .E p o n
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m ix tu r e  and E Mix w ere  u s e d .  B o th  w ere  good f o r  s e c t i o n i n g  and no empty 
s p a c e s  w ere  s e e n  i n  s e c t i o n s .  E Mix h a s  t h e  a d v a n ta g e  t h a t  t h e r e  i s  
l i t t l e  e r r o r  i n v o lv e d  i n  t h e  p r e p a r a t i o n  o f  t h e  m ix tu r e  a s  t h e  c o n s t i ­
t u e n t s  vo lum es a r e  a l r e a d y  m easu red  by  th e  m aker. F i g .  ( 4 . 5 )  shows a  
t r a n s m i s s i o n  e l e c t r o n  m ic r o g ra p h  o f  a  t i s s u e  s e c t i o n  embedded i n  E Mix.
S e c t i o n i n g  ; The t e c h n i q u e  f o r  o b t a i n i n g  u l t r a - t h i n  s e c t i o n s  by  an 
u l t r a - m i c r o t o m i c  i n v o lv e s  a  ty p e  o f  c u t t i n g  a c t i o n  s i m i l a r  t o  t h a t  u s e d  i n  
t h e  m ac h in in g  o f  m e t a l s .  A p r e p a r e d  specim en  i s  moved p a s t  a  c u t t i n g  edge 
and f o r c e s  a r e  t r a n s m i t t e d  f rom  t h a t  c u t t i n g  edge t o  t h e  sp e c im en  c a u s in g  
a t h i n  l a y e r  o f  t h e  m a t e r i a l  t o  be  d e ta c h e d .  T h e o r e t i c a l  and p r a c t i c a l  
a s p e c t s  o f  s e c t i o n i n g  w ere  g iv e n  by  S j o s t r a n d  (1967) and R e id  ( 1 9 7 4 ) .  H a i r  
and s o f t  t i s s u e  sp ec im en s  w ere  s e c t i o n e d  w i t h  a g l a s s  k n i f e  on th e  
R e i c h e r t  OM U2 u l t r a m ic r o to m e  i n  t h e  S t r u c t u r a l  S t u d ie s  U n i t  (SSU) i n  t h e  
U n i v e r s i t y .
S t a i n i n g  : Lew is and K n ig h t  (1977) and W isse e t  a l .  (1974) h a d  d i s c u s s e d
th e  u n d e r l y i n g  c h e m ic a l  b a s i s  a lo n g  w i t h  t h e  p r o c e d u r e s  o f  s t a i n i n g .
S t a i n i n g  o f  h a i r  and s o f t  t i s s u e  was c a r r i e d  o u t  w i t h  t h e  h e l p  o f  t h e  SSU. 
The u l t r a - t h i n  s e c t i o n s  w ere  s t a i n e d  by u r a n y l  a c e t a t e  a s  i t  s t r o n g l y  s t a i n s  
n u c l e i c  a c i d s  and p r o t e i n s  f o l lo w e d  by l e a d  s t a i n i n g .  T h i s  m ethod  p ro d u c e s  
h ig h  c o n t r a s t  and s t a i n s  a l l ,  t h e  c e l l u l a r  and t i s s u e  c o m p o n e n ts .  F i g .  ( 4 .5 )
4 .1 0  Sample P r e p a r a t i o n  f o r  S c a n n in g  E l e c t r o n  M ic ro sco p y
T h e re  a r e  no t h i c k n e s s  l i m i t a t i o n s  on t i s s u e  sa m p le s  t o  b e  u s e d  i n  
t h e  SEM a s  we o b t a i n  o n ly  t o p o g r a p h i c a l  d e t a i l s .  One o f  t h e  a d v a n ta g e s  
o f  s c a n n in g  e l e c t r o n  m ic ro sc o p y  i s  t h e  s i m p l i c i t y  o f  sp e c im en  p r e p a r a t i o n  
compared w i t h  t h a t  o f  TEM. Many ty p e s  o f  SEM s t u d i e s  r e q u i r e  minimum 
o p e r a t i o n  b u t  c a r e  s h o u ld  be  t a k e n  t o  m a i n t a i n  t h e  i n t e g r i t y  o f  t h e  sp ec im en
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i f  i t  i s  g o in g  t o  be  u s e d  f o r  m i c r o a n a l y s i s .  P r e s e r v i n g  th e  s t r u c t u r e  
i s  t h e  i m p o r t a n t  r e q u i r e m e n t  f o r  SEM w ork . Boyde e t  a l .  (1969) have  
d e s c r i b e d  t h e  p r e p a r a t i o n  of a n im a l  t i s s u e  f o r  s u r f a c e  s c a n n in g  e l e c t r o n  
m ic ro sc o p y  by  m e th a n o l ,  c r i t i c a l  p o i n t  d ry ing  ( t h i s  m ethod h a s  n o t  b e e n  
employed i n  t h i s  work) and f r e e z e  d r y in g  m e th o d s .  However, t h e  r a p i d  
p r e p a r a t i o n  c a r r i e d  o u t  by L i e p in s  e t  a l .  (1978) and B i s t r i c k i  e t  a l .
(1978) h av e  t h e  a d v a n ta g e  o f  m in im is in g  t h e  t im e  and p r e s e r v i n g  th e  
s t r u c t u r e  w i t h  a l l  t h e  f i n e  m o r p h o lo g ic a l  f e a t u r e s .
I n  t h e  SEM we a r e  d e a l i n g  w i t h  a  n o n - c o n d u c t iv e  l o o s e  meshwork 
o f  m ac ro m o le cu le s  m a in ly  c o n s i s t i n g  o f  C, N, and 0 a tom s a s  a t  l e a s t  70% 
o f  t h e  volume o f  t h e  specim en  was f o r m e r l y  o c c u p ie d  by  w a t e r  and now i s  
an empty v o id  ( F ig .  7 .5 )  s i n c e  spec im ens  a r e  exam ined  i n  t h e  d r i e d  
s t a t e .  The spec im en  w i l l  r a p i d l y  c h a rg e  up u n d e r  t h e  i n c i d e n t  beam and may 
d e v e lo p  a  p o t e n t i a l  s u f f i c i e n t  t o  c a u se  a d i e l e c t r i c  b reakdow n i n  c e r t a i n  
r e g i o n s  u n l e s s  t h e  spec im en  i s  c o a te d  w i t h  a  t h i n  f i l m  o f  c o n d u c t iv e  m a t e r i a l .  
E c h l in  (1978) i n  a  r e v ie w  p a p e r  h a s  d e s c r i b e d  t h e  c o a t i n g  t e c h n i q u e s  
a v a i l a b l e  f o r  s c a n n in g  e l e c t r o n  m ic ro sc o p y  and X - ra y  m i c r o a n a l y s i s .
An i d e a l  c o a t i n g  c o n s i s t s  o f  a  u n i fo r m  f i l m  o f  c o n d u c t iv e  m a t e r i a l  on 
th e  sp e c im en ,  so  t h a t  t h e  s u r f a c e  o f  t h e  f i l m  i s  a lm o s t  an e x a c t  r e p l i c a  o f  
t h e  u n d e r l y i n g  s u r f a c e .  One o f  th e  m a jo r  f a c t o r s  a f f e c t i n g  th e  u n i f o r m i t y  
o f  th e  f i l m  i s  t h e  ty p e  o f  c o a t i n g  m a t e r i a l  u s e d .  Many ty p e s  o f  c o a t i n g  
m a t e r i a l s  and t h e i r  c o m b in a t io n s  a r e  i n  u s e .  The m ost commonly u s e d  m a t e r i a l s  
a r e  g o ld ,  p a l l a d iu m ,  s i l v e r ,  a lum in ium  and c a rb o n .  C arbon i s  c o n s i d e r e d  an 
i d e a l  c o a t i n g  m a t e r i a l  f o r  spec im ens  p r e p a r e d  f o r  b o t h  X - ra y  m i c r o a n a l y s i s  
and SEM im a g in g  s i n c e  c a rb o n  does  n o t  p ro d u c e  X - ra y  e n e r g i e s  m e a s u r a b le  by  
th e  d e t e c t i o n  s y s te m .
88 —
As p a r t  o f  th e  s tu d y  was c a r r i e d  o u t  on sam p les  embedded i n  wax 
f o r  l i g h t  m ic ro sc o p y  work no m o rp h o lo g ic a l  i n f o r m a t i o n  w i l l  be  a v a i l a b l e  
from  th e  s u r f a c e  o f  s e c t i o n s  i f  t h e  em beddant i s  r e t a i n e d  i n  p e r f e c l y  
embedded m a t e r i a l ,  b e s id e s  t h e  wax w i l l  b o i l  u n d e r  t h e  e l e c t r o n  beam 
c o n ta m in a t in g  t h e  m ic ro sc o p e  t u b e .  F o r  t h i s  r e a s o n  p a r t  o r  t h e  w hole  o f  
t h e  em bedding medium m ust be  removed t o  r e v e a l  i n t e r e s t i n g  s u r f a c e  d e t a i l  
(McDonald e t  a l .  1 9 6 7 ) .  The p r o c e d u r e  was t o  c u t  t e n  m ic ro n  s e c t i o n s  from  a 
b lo c k  o f  wax and  l a y  them  on a c l e a n  p e r s p e x  h o l d e r  2 cm d i a m e t e r ,  1 cm 
h i g h t .  The wax was d i s s o l v e d  u s in g  x y le n e  l e a v i n g  o n ly  a d r y  t i s s u e  on th e  
h o l d e r .  T h is  d r y  t i s s u e  was c o a te d  w i t h  a  t h i n  f i l m  o f  c a rb o n  u s in g  th e  
Edward vacuum sy s te m  f o r  sam p les  t o  be u s e d  on t h e  JOEL-lOA SEM w i t h  t h e  
X -ray  m i c r o a n a l y s i s  f a c i l i t y ,  w h e re as  g o ld  had  b e e n  u s e d  f o r  sam p les  t o  be  
exam ined on t h e  Cambridge S c i e n t i f i c  I n s t r u m e n t  Com pany's 'S t e r e o s c a n '
Mark I IA .  F i g .  ( 7 .4 )  shows t h a t  t h e  m ethod i s  a p p l i c a b l e  on wax embedded 
s a m p le s .
4 .1 1  Sample P r e p a r a t i o n  f o r  EPMA
As i t  h a s  been  shown i n  C h a p te r  3 ,  th e  c o m b in a t io n  o f  e l e c t r o n  m ic r o ­
scopy  w i t h  X -ray  m i c r o a n a l y s i s  h e l p s  i n  t h e  a n a l y s i s  and l o c a l i z a t i o n  o f  
n a t u r a l l y  o c c u r r i n g  e le m e n ts  su c h  a s  e l e c t r o l y t e ,  t h e  d e t e c t i o n  o f  e le m e n ts  
a s s o c i a t e d  w i t h  p a t h o l o g i c a l  c o n d i t i o n s  and th e  l o c a l i z a t i o n  o f  e le m e n ts  
i n t e n t i o n a l l y  added a s  m a rk e rs  o r  s t a i n s  t o  i d e n t i f y  t h e  s i t e  o f  some 
s p e c i f i c  c h e m ic a l  a c t i v i t y .  The sam ple  p r e p a r a t i o n  f o r  e a c h  o f  t h e s e  
a p p l i c a t i o n s  a r e  somewhat d i f f e r e n t  and r e q u i r e  t h e  d e v e lo p m e n t  o f  new 
t e c h n i q u e s  n o t  w id e ly  u se d  a t  p r e s e n t  f o r  r o u t i n e  t h i n  s e c t i o n  p r e p a r a t i o n .
I t  h a s  a l s o  b een  e x p la i n e d  i n  p r e v i o u s  s e c t i o n s  t h a t  c h e m ic a l  f i x a t i o n  
m ethods c a n n o t  b e  u sed  i n  EPMA a s  i t  a l t e r s  membranes and a l l o w s  c o m p le te  
r e d i s t r i b u t i o n  o f  t h e  e le m e n ts  t o  t a k e  p l a c e .  A l th o u g h  P e t e r s  e t  a l .  (1976)
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w ere  a b l e  t o  m easu re  t h e  i n t r a c e l l u l a r  z i n c  i n  m u sc le  and m yocard ium  
p r o c e s s e d  i n  a  r o u t i n e  f a s h i o n  f o r  e l e c t r o n  m ic r o s c o p y ,  Y aron  e t  a l .
(1974) c o u ld  n o t  m ea su re  t h e  i n t r a c e l l u l a r  i o n i c  e le m e n ts  i n  s k e l e t a l  
m usc le  and m yocardium  when th e y  a r e  embedded w i t h o u t  d e h y d r a t i o n  i n  
s p e c i a l l y  p r e p a r e d  g lu tQ r a ld e h y d e  and u r e a  em bedding r e s i n .  A p p le to n  
(1972) and Morgan e t  a l .  (1975) have  shown t h a t  u l t r a - t h i n  f r o z e n  d r i e d  
s e c t i o n s  o f  u n f ix e d  m a t e r i a l  may be  a n a ly s e d  i n  t h e  com bined e l e c t r o n  
m ic r o s c o p e - x - r a y  m i c r o a n a l y s e r .  U s ing  t h i s  s y s te m .  W eavers (1973) 
d e m o n s t ra te d  t h e  d e t e c t i o n  o f  e l e m e n t a l  c o n c e n t r a t i o n  a t  p h y s i o l o g i c a l  
l e v e l s  and a d d i t i o n a l l y  he  was c a p a b le  o f  m o n i t o r i n g  c h a n g es  i n  t h e  
c o n c e n t r a t i o n s  o f  t h e s e  e l e m e n t s .  On t h e  o t h e r  h a n d ,  Saubermam and E c h l i n
(1975) show t h a t  i t  i s  p o s s i b l e  t o  m ea su re  and l o c a l i z e  w a t e r  s o l u a b l e  
o r  d i f f u s i b l e  e le m e n ts  w i t h i n  t h e  h y d r a t e d  c e l l  m a t r i x .
R ap id  f r e e z i n g  i n  n i t r o g e n  a t  i t s  m e l t i n g  p o i n t  i n  c o m b in a t io n  w i t h  
c r y o u i t r a m i  c ro tom y w ere  employed a s  s u g g e s t e d  by Seveus ( 1 9 7 8 ) .  A s l u s h  
o f  n i t r o g e n  was made by p u t t i n g  t h e  l i q u i d  n i t r o g e n  u n d e r  vacuum o f  a b o u t
0 .0 5  mm Hg u s in g  a r o t a r y  pump. The l i q u i d  n i t r o g e n  w i l l  t u r n  m i l k y ,  t h e n  
s o l i d  n i t r o g e n .  A p i e c e  o f  t i s s u e  o f  1 mm  ^ s i z e  o r  l e s s  c an  b e  p lu n g e d  
r a p i d l y  i n t o  t h e  s l u s h  ( -  210*0) and th e n  s t o r e d  i n  l i q u i d  n i t r o g e n .
The s e c t i o n i n g  was c a r r i e d  o u t  by  CIBA u s i n g  c r y o u l t r a m i c r o t o m e  w i t h  
sam ples  m ounted on a g o ld  g r i d  f o r  f r e e z e  d r y in g  and c a rb o n  c o a t i n g .  F o r  
m o r p h o lo g ic a l  i n f o r m a t i o n  and o r i e n t a t i o n  t h e  s e c t i o n s  can  b e  s t a i n e d  ( 2 .8 )  
a f t e r  a n a l y s i s .  However, u n s t a i n e d  s e c t i o n s  from  sa m p le s  p r e p a r e d  by  t h e  
above method can  show some f e a t u r e s  o f  t h e  t i s s u e  ( F ig .  4 . 6 )  when t h e  
s c a n n in g  t r a n s m i s s i o n  e l e c t r o n  m ic ro sc o p y  i s  u s e d .
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F i g . 4 . 1  A s t e r e o - s c a n  o f  h a i r  s a m p le  
s how ing  t h e  d e b r i s  bo u n d e d  t o  h a i r  
s u r f a c e  (x 600)
F i g .  4 . 2  H a i r  s u r f a c e  a f t e r  b e i n g  washed  
by met hod  t h r e e  (x 1000)
F i g .  4 . 5  E l e c t r o n  m i c r o g r a p h  o f  b r e a s t  
t i s s u e  p r e p a r e d  by t h e  r o u t i n e  
t e c h n i q u e  (x 12000)
Fi g .  4 . 6  T r a n s m i s s i o n  S c a n n i n g  E l e c t r o n  
m i c r o g r a p h  o f  u n s t a i n e d  b r e a s t  t i s s u e  
p r e p a r e d  by r a p i d  f r e e z i n g  (x 1500)
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CHAPTER 5 
HAIR ANALYSIS
Many s c i e n t i s t s  have  b e e n  i n v o lv e d  i n  t h e  a n a l y s i s  o f  h a i r  f o r  
t r a c e  e l e m e n t s ,  o v e r  th e  l a s t  two d e c a d e s ,  b e c a u s e  o f  t h e  e a s e  w i th  
w hich  h a i r  sam p les  can b e  o b t a i n e d ,  s t o r e d ,  t r a n s p o r t e d  and  a n a ly s e d  
compared to  v a r i o u s  o t h e r  b i o l o g i c a l  t i s s u e s .  I t  was s u g g e s t e d  t h a t  
head  h a i r  a n a l y s i s  can  o f f e r  a  u n iq u e  a p p ro a c h  t o  t h e  i n v e s t i g a t i o n  o f  
human t r a c e  e le m e n t  m e ta b o l i s m .  To a s s e s s  t h e  d e g re e  o f  e x p o s u re  o f  
i n d i v i d u a l s  o r  a  p o p u l a t i o n  t o  c e r t a i n  e le m e n ts ,  o r  a s  some o f  th e  
f o r e n s i c  s c i e n t i s t s  h o p e d ,  to  e s t a b l i s h  t h e  i d e n t i t y  o f  p e r s o n s  
c o m m it t in g  a  c r im e  by m a tc h in g  th e  t r a c e  e le m e n ts  i n  h a i r  sam p les  found
on th e  c r im e  s c e n e  w i t h  th o s e  e le m e n ts  i n  t h e  h a i r  o f  t h e  s u s p e c t .  I n
any o f  t h e s e  s e l e c t e d  a p p l i c a t i o n s  t r a c e  e le m e n t  a n a l y s i s  i n  h a i r  a lo n g
w i t h  o t h e r  t e s t s  i s  a  u s e f u l  t o o l .  N e v e r t h e l e s s ,  p r e s e n t  s c i e n t i f i c  know ledge
does n o t  s u p p o r t  th e  u s e  o f  e l e m e n ta l  l e v e l s  i n  h a i r  f o r  s o p h i s t i c a t e d  
p u r p o s e s .  However, h a i r  w i l l  b e  much more u s e f u l  d i a g n o s t i c a l l y  as  more 
c a r e f u l  and  c o n t r o l l e d  r e s e a r c h  s t u d i e s  a r e  done to  s t a n d a r d i s e  t h e  
method o f  sam ple p r e p a r a t i o n  and f i n d  th e  n o rm a l  e l e m e n t a l  l e v e l  i n  h a i r  f o r  
d i f f e r e n t  c o m m u n it ie s .  I n  t h i s  c h a p t e r  t h e  e l e m e n t a l  c o n c e n t r a t i o n  o f  
16 e le m e n ts  i n  h a i r  c o l l e c t e d  from  a n o rm a l p o p u l a t i o n  g roup  i n  A f r i c a  
and from  a  group  o f  p a t i e n t s  w i t h  b r e a s t  tum ours  a r e  p r e s e n t e d .
5 .1  The S t r u c t u r e  and M e ta b o l ism  o f  H a i r
T here  a r e  e x c e l l e n t  t e x tb o o k s  d e s c r i b i n g  th e  s t r u c t u r e  and m e ta b o l i s m  
o f  h a i r  among them th o s e  by  Rook e t  a l .  (1972) F i t z p a t r i c k  e t  a l .  (1971) 
and M ontagna e t  a l .  (1967) to  w hich th e  r e a d e r  i s  r e f e r r e d  t o  f o r  more
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d e t a i l s .  How ever, a  b r i e f  d e s c r i p t i o n  i s  g iv e n  h e r e  i n  o r d e r  t o  e x p l a i n  
th e  p r e s e n c e  o f  t r a c e  e le m e n ts  and th e  r e s u l t i n g  c h a r a c t e r i s a t i o n ,  
p a r t i c u l a r l y  o f  b i o l o g i c a l  m a t e r i a l s ,  w h ich  n e e d  more th a n  m ere  s t a t i s t i c a l  ^  
a n a l y s i s .
H a i r  w h ich  i s  found  on n e a r l y  e v e ry  p a r t  o f  t h e  s u r f a c e  o f  th e  
body i s  s l e n d e r  k e r a t i n o u s  f i l a m e n t s  t h a t  d e v e lo p  from  th e  m a t r i x  c e l l s  
o f  f o l l i c u l a r  i n v a g i n a t i o n s  o f  th e  e p id e r m a l  e p i t h e l i u m .  They v a r y  from  
s e v e r a l  m i l l i m e t e r s  t o  o v e r  a  m e te r  i n  l e n g t h  and from  .005  t o  .09  mm i n  
t h i c k n e s s .  The h a i r  c o m p r ise s  o f  a  r o o t  w i t h i n  t h e  f o l l i c l e  and a s h a f t  
w hich i s  p a r t l y  w i t h i n  th e  f o l l i c l e  and p a r t l y  p r o j e c t s  f o r  a  v a r y i n g  
d i s t a n c e  from  th e  s u r f a c e  o f  th e  s k i n .  The r o o t  o f  th e  h a i r  ends  i n  an  
e n la r g e m e n t ,  named th e  h a i r  b u l b ,  w h ich  i s  a  dynam ic , r a p i d l y  p r o l i f e r a t ­
in g  t i s s u e  t h a t  p ro d u c e s  a  r i c h  a r r a y  o f  h i g h l y  o r d e r e d  and i n t e r r e l a t e d  
s t r u c t u r e  f rom  a s m a l l  volume o f  a p p a r e n t l y  e q u i p o t e n t i a l ,  u n d i f f e r e n t i a t e d  
c e l l s .  The h a i r  grows from  th e  r o o t  b u t  n o t  c o n t i n u o u s ly  a s  i t  h a s  p h a s e s  
o f  g row th  t h a t  a l t e r n a t e  w i t h  p e r i o d s  o f  r e s t  g i v i n g  an a v e r a g e  g row th  o f  
.4  mm/day i n  h e a d  h a i r .  I n  r e s t i n g  h a i r  t h e  f o l l i c l e  i s  r e l a t i v e l y  s h o r t  
and i t s  e p i t h e l i u m  i s  more o r  l e s s  s i m i l a r  t o  t h e  s u r f a c e  e p i d e r m i s ,  and 
th e  h a i r  s h a f t  i s  f i r m l y  a n c h o re d  i n t o  t h e  f o l l i c l e  by f i n e  f i l a m e n t s  o f  
k e r a t i n e  t h a t  p e n e t r a t e  b e tw e en  th e  f o l l i c l e  c e l l s .  The f o l l i c l e  i n  
g row ing  h a i r  i s  e lo n g a t e d  and th e  e p i t h e l i u m  a g a in  s u r r o u n d s  t h e  d e rm a l  
p a p i l l a .  The e p i t h e l i a l  c e l l s  a ro u n d  th e  p a p i l l a  ( t h e  m a t r i x )  d i f f e r e n t ­
i a t e  i n t o  s e v e r a l  t y p e s ,  t h e s e  a r e :  t h e  m e d u l la  w h ich  i s  p r e s e n t e d  i n  
c e r t a i n  ty p e s  o f  c o a r s e  h a i r s ,  th e  c o r t e x  m aking  th e  m ain  c o n s t i t u e n t  o f  
th e  s h a f t .  F i g .  ( 5 . 1 ) -  i t s  c e l l s  a r e  h e a v i l y  k e r a t i n i z e d  and t i g h t l y  
compacted and th e y  c a r r y  m ost  o f  th e  p ig m e n t  o f  t h e  h a i r  -  an d  th e  c u t i c l e  
o f  th e  h a i r  w h ich  makes t h e  o u te r m o s t  l a y e r  i s  a l s o  h e a v i l y  k e r a t i n i z e d  and
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i t s  i m b r i c a t i o n  p r e v e n t s  m a t t i n g  o f  th e  e r u p t e d  h a i r s .  The c u t i c l e  
c o n s i s t s  o f  f i v e  to  t e n  o v e r l a p p in g  c e l l  l a y e r s  e a c h  3 50 -450  nm t h i c k .
F i g .  ( 5 .2 )  shows th e  m a tu re  c e l l s  o f  com pact c u t i c u l a r  k e r a t i n j ,  w hich  
h av e  o u t e r  and  i n n e r  zones o f  d i f f e r e n t  d e n s i t i e s .  Between th e  c e l l  
b o u n d a r i e s  i s  a  n a r ro w  gap (30 nm) c o n t a i n i n g  a  d e n s e ,  c e n t r a l  i n t e r ­
c e l l u l a r  l a m e l l a .  These t h r e e  l a y e r s  o f  c e l l u l a r  com ponents  a l l  und e rg o  
k e r a t i n i z a t i o n  i n  t h e  so  c a l l e d  k e r a to g e n o u s  zone o f  t h e  f o l l i c l e ,  
im m e d ia te ly  above th e  dome o f  t h e  A erm al p a p i l l a .  From t h i s  p o i n t  up­
w ards  th e  h a i r  s h a f t  i s  made o f  dead k e r a t i n i z e d  c e l l s ,  f i r m l y  cem ented  
t o g e t h e r  w i t h  a  c o r t e x  o f  l a r g e  k e r a t i n i z e d  ( F i g .  5 .1 )  c e l l s  l o o s e l y  
c o n n e c te d  and  p a r t i a l l y  s e p a r a t e d  by  a i r  s p a c e s .  I n  a c t i v e  h a i r  f o l l i c l e s ,  
d i f f e r e n t  m e t a b o l i c  l e v e l s  w ere  d e m o n s t ra te d  by  h i s t o c h e m i c a l  t e c h n i q u e s .
The r a d i o a c t i v e  l a b e l l e d  c y s t i n e  o r  m e th io n in e  a r e  d e t e c t a b l e  i n  t h e  
k e ra to g e n o u s  zone w i t h i n  a few m in u te s  o f  i n t r a v e n o u s  i n j e c t i o n  i n  m ice  _ 
(H ard n ess  and Bern  1 9 5 7 ) .  A lso  g ly co g e n  and enzymes a r e  d e m o n s t r a b le  
(A dach i and Uno 1967) i n  h i g h  c o n c e n t r a t i o n  i n  v a r i o u s  p a r t s  o f  t h e  
a c t i v e  f o l l i c l e .  The q u a n t i t y  o f  g ly c o g e n  o r  enzymes i s  s i g n i f i c a n t l y  
g r e a t e r  i n  th e  a c t i v e  f o l l i c l e  th a n  i n  t h e  r e s t i n g  o n e .  T h is  h a s  
a t t r a c t e d  th e  n u t r i t i o n i s t s  t o  i n v e s t i g a t e  t h e  t r a c e  e le m e n t  m e ta b o l i s m  
u s in g  h a i r  s a m p le s .  The s t r u c t u r e  o f  th e  c u t i c l e  w i t h  i t s  a b i l i t y  to  b i n d  
e le m e n ts  g i v e s  h a i r  a n a l y s i s  i t s  im p o r ta n c e  i n  e n v i r o n m e n t a l  s t u d i e s .  The 
two p r o p e r t i e s  can be  u sed  i n  f o r e n s i c  a p p l i c a t i o n s .
5 .2  S o u rc es  o f  T ra ce  E le m e n ts  i n  H a i r
The i n t e r e s t  i n  t h e  use  o f  h a i r  a s  an i n d e x  to  t h e  s t a t u s  o f  e s s e n t i a l  
t r a c e  e le m e n t  m e ta b o l is m  i n  th e  body and th e  e x p o s u re  o f  i n d i v i d u a l s  t o  
heavy  m e t a l s  (K levay  1972) h a s , i n c r e a s e d  c o n s i d e r a b l y  i n  t h e  l a s t  t e n  y e a r s .
— 94 —
F i g . 5 . 1  E l e c t r o n  m i c r o g r a p h  o f  h a i r  F i g .  5 . 2  M a t u r e  c e l l s  o f  com pac t  c u t i c u l a r
c r o s s  s e c t i o n  show ing  t h e  t i g h t l y  k e r a t i n .  The h a i r  p i g m e n t s  s e e n  as  d a r k
c o m pac ted  m a t r i x  c e l l s  s u r r o u n d e d  by s p o t s  i n  t h e  h a i r  m a t r i x  (x 30000)
t h e  c u t i c l e  c e l l s  ( x  20000)
F ig , 5 . 5  T r a n s m i s s i o n  e l e c t r o n  m i c r o g r a p h  o f  u n s t a i n e d  
h a i r  s e c t i o n .  The d a r k  s p o t s  a r e  t h e  h a i r  
p i g m e n t s  (x 10000)
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B ecause  o f  t h i s ,  i t  i s  u s e f u l  a t  t h i s  p o i n t  t o  o u t l i n e  t h e  s o u r c e s  o f  
t r a c e  e le m e n ts  i n  h a i r .  These  s o u r c e s  a c c o r d in g  t o  Hopps (1977) a r e  e i t h e r  
due to  h i s t o g e n e s i s ,  t h a t  i s ,  t h e  m in e r a l s  i n c o r p o r a t e d  i n t o  t h e  h a i r  
th ro u g h  th e  h a i r  f o l l i c l e  w hich  i s  i n  dynam ic e q u i l i b r i u m  w i t h  th e  r e s t  
o f  th e  body . D u r in g  th e  p e r i o d  o f  h a i r  f o r m a t io n  th e  m e t a b o l i c  p r o d u c t s  can 
a c c u m u la te  i n t o  t h e  h a i r  from  th e  c i r c u l a t i n g  b l o o d ,  lymph and e x t r a  
c e l l u l a r  f l u i d s .  Thus i t  can  b e  assum ed t h a t  t h e  c o n c e n t r a t i o n  o f  
m in e r a l s  i n  h a i r  a t  a  g iv e n  d i s t a n c e  from  th e  s c a l p  i s  r e f l e c t i n g  t h e  
m in e r a l  c o n c e n t r a t i o n  i n  an  i n d i v i d u a l  a t  a  p a r t i c u l a r  and s p e c i f i c  e a r l i e r  
t im e .  However, a l t h o u g h  i t  h a s  b e e n  shown t h a t  t h e  c o n c e n t r a t i o n  o f  many < 
e le m e n ts  ( V a lk o v ic  e t  a l .  1973, G angehoram et 1972) such  as Ca, Cu, F e ,  B r 
and Zn changes  s i g n i f i c a n t l y  w i th  d i s t a n c e  a lo n g  th e  h a i r ,  t h e s e  v a r i a t i o n s  
a r e  a s s o c i a t e d  p a r t l y  w i t h  t h e  b io m e d ic a l  h i s t o r y  o f  t h e  h a i r  and  i t s  
ow ner. Jaw orow sk i e t  a l .  (1966) have  shown t h a t  h a i r  p r o v id e s  an  e x c e l l e n t  
medium f o r  t h e  d e t e c t i o n  and e v a l u a t i o n  o f  i n t e r n a l  c o n ta m in a t io n  w i t h  
210pb as  t h e  c o n c e n t r a t i o n s  i n  h a i r  a r e  r e l a t e d  t o  t h o s e  i n  t h e  s k e l e t o n  
and t o  t h e  a d m i n i s t r a t e d  d o s e .  The h a i r  c y c le  was an e s s e n t i a l  f a c t o r  
i n  th e  p r o c e s s  o f  e x c r e t i o n  o f  i n t o  th e  h a i r .  I n  a n o t h e r  s tu d y
Hambridge e t  a l .  (1972) h a v e  shown t h a t  chromium c o n c e n t r a t i o n  i n  h a i r  s h a f t  
i s  n o t  d e p e n d e n t  on th e  t im e  th e  h a i r  h a s  b een  ex p o sed  to  th e  e x t e r n a l  
e n v iro n m e n t  and t h e r e f o r e  th e y  c o n c lu d e d  t h a t  e x t e r n a l  f a c t o r s  do n o t  
n o r m a l ly  a f f e c t  h a i r  chromium l e v e l s  and th e  changes  i n  c o n c e n t r a t i o n  
a lo n g  th e  h a i r  s h a f t  r e f l e c t  p a s t  f l u c t u a t i o n s  i n  t h e  chromium n u t r i t i o n a l  
s t a t e  o f  th e  i n d i v i d u a l .  A lso  th e  z i n c  c o n t e n t  o f  h a i r  i s  r e l a t e d  t o  th e  
z in c  c o n t e n t  o f  th e  d i e t a r y  i n t a k e  i n  man and t h a t  t h e  low l e v e l  o f  z i n c  i n  
h a i r  i n d i c a t e s  low s t a t e  o f  z in c  i n  t h e  body ( S t r a i n  e t  a l .  1966 , K le v a y  
1 970) .
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The s e c o n d  s o u r c e  o f  t r a c e  e le m e n ts  i n  h a i r  a r e  endogenous s o u r c e s .  
These a r e :  i )  The se b a c e o u s  g l a n d ,  t h i s  i s  a  s o u r c e  o f  t r a c e  e le m e n ts  
d e r i v e d  from  th e  body t i s s u e s  to  w h ich  th e  h a i r  i s  c o n t i n u a l l y  ex p o sed
i i )  t h e  e c c r i n e  sw e a t  g l a n d s  s e c r e t e  a  p r e d o m in a n t ly  aqueous s o l u t i o n ,
i . e .  s w e a t ,  w h ic h  c o n ta i n s  t r a c e  e le m e n ts  d e r i v e d  from  body t i s s u e  a g a in .
i i i )  a p o c r i n e  g la n d s  r e p r e s e n t  a  s p e c i a l  ty p e  o f  s w e a t  g la n d  t h a t  s e c r e t s  
a  m ilk y  f l u i d  r i c h  i n  l i p i d s ;  th e y  a r e  n o t  fo u n d  i n  t h e  human s c a l p  b u t  
i n  a x i l l a r y ,  p u b i c  '  and p e r i a n a l  a r e a s ,  i v )  The e p i d e r m i s ,  s i n c e  i t  i s  
c o n t i n u a l l y  d e sq u a m a tin g  and when i n c o r p o r a t e d  i n  sebum a n d / o r  s e c r e t i o n s  
from  s w e a t  g l a n d s ,  may come i n t o  i n t i m a t e  c o n t a c t  w i t h  th e  h a i r  and  may b e  
a  p o t e n t i a l  (m in o r)  s o u r c e  o f  t r a c e  e l e m e n t s .
The t h i r d  s o u r c e  o f  t r a c e  e le m e n ts  i n  h a i r  i s  due t o  exogenous  
m a t e r i a l s  c o n t a i n i n g  t r a c e  e le m e n ts  t o  w h ich  h a i r  may be  e x p o s e d ,  i n c l u d i n g  
a i r ,  w a t e r ,  s o a p s ,  sham poos, o i l ,  l a c q u e r s ,  dyes  and m e d i c a t i o n s .  No d o u b t  
t h e  c o n c e n t r a t i o n  o f  e le m e n ts  i n  h a i r  from  th e  above m ain  s o u r c e s  a r e  
a f f e c t e d  by  many f a c t o r s  su c h  a s :  a) p h y s i c a l  f a c t o r s :  t h e s e  i n c l u d e  h a i r  
t h i c k n e s s ,  c o l o u r ,  c u t i c l e  and m e d u l la r y  s t r u c t u r e  e t c .  Gordus (1972) 
l i s t e d  f a c t o r s  w h ich  can  b e  d e te rm in e d  by m ic r o s c o p i c  e x a m i n a t i o n ,  b )  
p e r s o n a l  f a c t o r s  i n c l u d i n g  a g e ,  s e x ,  r a c e ,  g e n e r a l  h e a l t h ,  d i e t ,  h e i g h t ,  
w e i g h t ,  s o c io - e c o n o m ic  s t a t u s ,  o c c u p a t io n  (L e n ih a n  e t  a l .  1973, Jo h n so n  
e t  a l .  1 9 7 5 ) ,  num ber ,  ty p e  and age o f  d e n t a l  f i l l i n g s  o r  t e e t h  b r a c e s ,  ty p e  
o f  m e t a l l i c  j e w e l r y  w orn n e x t  t o  s k i n ,  t y p e s  and  amount o f  m e d i c a t i o n  t a k e n ,  
e x t e n t  o f  sm oking and a l c o h o l i c  c o n su m p t io n .  O th e r  v a r i a b l e s  t h a t  c o u ld  
a f f e c t  t h e  h a i r  c o n t e n t  o f  t r a c e  e le m e n ts  a r e  t h e  f r e q u e n c y  o f  w a s h in g  
w h ich  can a s s i s t  i n  rem ov ing  p o s s i b l e  e x t e r n a l  c o n ta m in a n ts #  S eb aceo u s  
o i l s ,  sw e a t  anà a l s o  e x t r a c t  some o f  th e  more l o o s e l y  bound  t r a c e  e le m e n ts  
e . g .  Na, C l ,  and B r ,  On th e  o t h e r  hand  an i n c r e a s e  i n  Ca and Mg c o n t e n t
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(Gordus 1974) w i t h  i n c r e a s e  i n  h a i r  w a sh in g  f r e q u e n c y  i s  p r o b a b l e  due 
t o  t h e  a c t i o n  o f  so ap s  o r  shampoos w h ich  w ere  found  to  i n c r e a s e  a l s o  
t h e  Se and Zn l e v e l s .  F i n a l l y  th e  d i e t a r y  c o m p o s i t io n  a f f e c t s  t h e  h a i r  
c o n t e n t  o f  t r a c e  e le m e n t  as  i t  was fou n d  by  Gordus (1974) i n  t h a t  Eskimo 
h a i r  c o n ta i n s  h i g h e r  Mg, Mn, Co, A s, I  and Hg th a n  t h a t  o f  m idsh ipm en , 
due to  th e  heavy  r e l i a n c e  o f  t h e  fo rm e r  group  on s e a f o o d .
5 .3  E l e c t r o n  M icroscopy  and M ic r o a n a l y s i s  o f  H a i r
X
The a p p l i c a t i o n  o f  e l e c t r o n  m ic r o s c o p y ,  s c a n n in g  e l e c t r o n  m ic ro ­
scopy  and X -ray  m i c r o a n a l y s i s  to  h a i r  i s  i m p o r t a n t  t o  o u r  u n d e r s t a n d i n g  
and i n t e r p r e t a t i o n  o f  t h e  p ro b le m s  a s s o c i a t e d  w i t h  th e  u s e  o f  h a i r  a s  an  
i n d i c a t o r  e s p e c i a l l y  i f  i t  ru n s  c o n c u r r e n t l y  w i th  INAA o f  s a n p l e s .
5 . 3 . 1  S c a n n in g  e l e c t r o n  m ic ro s c o p e  and m ic r o a n a l y s i s  o f  h a i r
The SEM was u se d  t o  m o n i to r  th e  w a sh in g  p r o c e d u r e  a d o p te d  f o r  
rem oving  th e  exogenous m a t e r i a l s  ( d u s t ,  dead  s k in  e t c . )  w hich  a t t a c h e s  
i t s e l f  to  t h e  specim en  c o v e r in g  a c o n s i d e r a b l e  p a r t  o f  t h e  h a i r  s u r f a c e  
a r e a .  X -ray  m i c r o a n a l y s i s  f a c i l i t i e s  a t t a c h e d  t o  t h e  SEM w ere  u s e d  f o r  
e l e m e n t a l  a n a l y s i s .  The low e n e rg y  e l e c t r o n  beam (25 KeV) does n o t  
p e n e t r a t e  deep i n t o  th e  s p e c im e n ,  r e s u l t i n g  i n  good t h i n  l a y e r  a n a l y s i s ,  
b u t  th e  c o n t r i b u t i o n  o f  b a c k s c a t t e r i n g  and th e  s p r e a d  o f  th e  e l e c t r o n  
beam ( F ig ,  3 .3 )  make q u a n t i t a t i v e  work im p o s s ib l e  a t  t h i s  s t a g e .  How­
e v e r ,  i t  was p o s s i b l e  to  e x t r a c t  q u a l i t a t i v e  i n f o r m a t i o n  t o  o u t l i n e  t h e  
n a t u r e  o f  t h e s e  exogenous m a t e r i a l s .  The two ty p e s  o f  h a i r  u s e d  i n  t h i s  
s tu d y  w e re :  h a i r  sam ples  c o l l e c t e d  from  s t u d e n t s  a t  t h e  U n i v e r s i t y  o f  
S u r re y  and sam p les  c o l l e c t e d  from  th e  Machokos d i s t r i c t  i n  K enya.
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A l l  e le m e n ts  d e t e c t e d  i n  h a i r  by  INAA, (Mg, A l ,  S i ,  S ,  K, Cu, Fe) 
w ere  a l s o  d e t e c t e d  i n  t h e  r o u t i n e l y  u s e d  b a k e l i t e  h o l d e r .  F o r  t h i s  
r e a s o n  th e  unwashed h a i r  was f i x e d  from  th e  two ends on a  p e r s p e x  h o l d e r  
(2 .5cm  d ia m e te r  and 2 cm h e i g h t ) .  The h o l d e r  was c o a te d  w i t h  a  t h i n  
c a rb o n  f i l m  b e f o r e  and a f t e r  m o un ting  th e  sam ple  t o  a c h ie v e  good 
c o n d u c t i v i t y  ( s e c .  3 . 4 ) .
A s e l e c t e d  a r e a  from  th e  h a i r  s u r f a c e  was sc an n e d  u s in g  a  low 
c u r e n t  (2  x 10“ ^®A) w i th  25 kV as  a c c e l e r a t i n g  v o l t a g e .  The c o u n t s /
c h a n n e l  w ere  c o l l e c t e d  on p a p e r  t a p e  f o r  f u r t h e r  a n a l y s i s  and t h e
s p e c t ru m  was p l o t t e d  f o r  each  sam ple  u s in g  an . x - y  ■ p l o t t e r ;  I t  . 
was found  t h a t  t h e  number o f  d e t e c t e d  e le m e n ts  v a r i e d  from  sam p le  to  
sa m p le .  A l ,  S i ,  S ,  K and Ca w ere  i d e n t i f i e d  ( F ig .  5 .3 )  i n  some a r e a s  o f  
b l a c k  h a i r  w h ereas  o t h e r  c l e a n  a r e a s  show o n ly  a  s u lp h u r  p e a k  and i n  
some s a n g l e s  accom panied  by a  p o t a s s i u m  p e a k .  B londe h a i r  ( U n i v e r s i t y  
s t u d e n t s )  h a s  shown th e  same sam ple  v a r i a t i o n s ,  th e  m ost  common e le m e n ts  
i d e n t i f i e d  w e r e :  A l ,  S i ,  S ,  C l ,  K, Ca, V and Co w i t h  Mn, Fe and N i ,  i n  some 
o f  t h e  s a m p le s .  A l th o u g h  i t  i s  r a t h e r  d i f f i c u l t  t o  depend on q u a l i t a t i v e
r e s u l t s ,  t h e  two ty p e s  o f  sam p les  show t h a t  th e y  a r e  from  a d i f f e r e n t
e n v iro n m e n t  i f  we c o n s i d e r  th e  d e t e c t e d  e le m e n ts  i n  e a c h .  When some o f  th e  
sam ples  w ere  sc a n n e d  u s in g  th e  s t e r o s c a n  w i t h  b e t t e r  r e s o l u t i o n  (C am b rid g e ,  
MK, I I )  F ig .  ( 4 .1 )  th e y  showed th e  t y p i c a l  s u r f a c e  c o n ta m in a t io n  on A f r i c a n  
h a i r  s a m p le s .  The ty p e  o f  p o l l u t i o n  found  on th e  s t u d e n t s ’ h a i r  a r e  s i m i l a r  
t o  t h a t  i n  F ig .  ( 4 . 1 ) .
Cookson e t  a l .  (1975) have  u s e d  a 3 MeV p r o t o n  f o c u s s e d  beam f o r  th e  
a n a l y s i s  o f  e l e m e n t a l  d i s t r i b u t i o n  a c r o s s  th e  h a i r  d i a m e t e r .  I n  o u r  w ork  
th e  d i s t r i b u t i o n  o f  th o s e  e le m e n ts  d e t e c t e d  i n  s u r f a c e  s c a n n i n g  w e re
-  99 -
>Q)
CEL
30
>
ON
vO
m
a s
a s00m
m
CNI
Cu CN
a s
<r m
cs
m
CO
cs
mu
XJjj
3uno3
-  100 -
i n v e s t i g a t e d  u s in g  th e  l i n e  s c a n  o p t i o n  i n  SEM w i t h  EPMA f a c i l i t i e s .
The h a i r  was s q u e e z e d  be tw een  two h a l v e s  o f  a  p e r s p e x  h o l d e r .  The 
c ro s s  s e c t i o n  was sm oothed by s h a rp  c u t t i n g  f o l lo w e d  w i t h  g r i n d i n g .  The 
c u r r e n t  and a c c e l e r a t i n g  v o l t a g e  i s  t h e  same as  t h a t  u s e d  f o r  s u r f a c e  
s c a n n in g .  The a r e a  was m a g n i f i e d  10^ t im e s .  F i g .  ( 5 .4 )  shows th e  
d i s t r i b u t i o n  o f  C l ,  S i ,  S ,  Ca and K a lo n g  th e  ch o sen  l i n e .  Only s u l p h u r  
h a s  shown a  u n i fo rm  d i s t r i b u t i o n  a c r o s s  t h e  h a i r ,  w h e re as  t h e  c a lc iu m  i s  
c o n c e n t r a t e d  i n  some a r e a s  more th a n  o t h e r s .  P o ta s s iu m  i s  m ore c o n c e n t r a t e d  
tow ards  t h e  edges  o f  h a i r  th a n  th e  c e n t r e ,  t h i s  f i n d i n g  a g r e e s  w i t h  t h o s e  
g iv e n  by Cookson (1975) f o r  h a i r  from  a  * n o r m a l* p e r s o n .  The c h l o r i n e  
and s i l i c o n  d i s t r i b u t i o n s  a r e  s i m i l a r ,  w i t h  an i n c r e a s e  o f  c o n c e n t r a t i o n  
tow ards  th e  o u t s i d e  r e g i o n  o f  th e  h a i r .  T h is  means t h a t  th e  h a i r  c u t i c l e  
i s  more r i c h  i n  t h e s e  e l e m e n t s ,  th a n  t h e  c o r t e x ,  w hich  c o u ld  b e  due t o  
exogenous c o n ta m in a t io n  r a t h e r  th a n  i n t e r n a l  s e l e c t e d  p o s i t i o n i n g  o f  t h e s e  
e l e m e n t s .
5 . 3 . 2 ,  T ra n s m is s io n  e l e c t r o n  m ic ro sc o p y  (TEM) and m i c r o a n a l y s i s  o f  h a i r
The TEM w i th  i t s  X -ray  f a c i l i t y  adds a n o th e r  a n a l y t i c a l  t o o l  t o  be  
em ployed . W ith i t s  h ig h  r e s o l u t i o n  th e  TEM o f f e r s  a  p o w e r f u l  t e c h n i q u e
S e c t i o n s  w e re  
(b lo n d e )  h a i r  a s
f o r  a n a l y s i n g  v e ry  s m a l l  a r e a s  i n  th e  h a i r  s e c t i o n ,  
p r e p a r e d  from  b o th  A f r i c a n  ( b la c k )  h a i r  and s t u d e n t  
d e s c r i b e d  i n  4 .1 0 .  The t h i n  s e c t i o n s  w ere  l a i d  on a  n y lo n  g r i d  a s  th e  
c o u n t  r a t e  i s  v e ry  h ig h  due t o  c o p p e r  when a  c o p p e r  g r i d  i s  u s e d ,  no 
s t a i n i n g  w h a te v e r  i s  u sed  i n  sam p les  t o  b e  a n a ly s e d  and F i g .  ( 5 . 5 )  shows 
a c r o s s - s e c t i o n  o f  u n s t a i n e d  h a i r .  The p o i n t  t o  n o t i c e  i s  t h a t  t h e  h a i r  
p ig m e n ts  s e e n  i n  F i g .  5 .1  and  F i g .  5 .2  s t i l l  e x i s t  i n  F i g .  ( 5 . 5 ) .  A 
p r e l i m i n a r y  a n a l y s i s  shows t h a t  th e  h a i r  p ig m e n ts  s e e n  as  d a rk  s p o t s  i n  
th e  f i g u r e s  d i f f e r  i n  t h e i r  e l e m e n t a l  c o m p o s i t io n  from  th e  h a i r  m a t r i x .
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s d i s t r i b u t i o n  a l o n g  a s e l e c t e d  l i n e  Ca d i s t r i b u t i o n  a l o n g  a s e l e c t e d  l i n e
S i  d i s t r i b u t i o n  a l o n g  a s e l e c t e d  l i n e  K d i s t r i b u t i o n  a l o n g  a s e l e c t e d  l i n e
Cl d i s t r i b u t i o n  a l o n g  a s e l e c t e d  l i n e
F ig , 5 , 4  The d i s t r i b u t i o n  o f  C l ,  S i ,  S, Ca and K a l o n g  a c h o s e n  
l i n e  on t h e  h a i r  c r o s s  s e c t i o n .
-  102
More c a r e f u l  a n a l y s i s  was c a r r i e d  o u t  u s i n g  80 kV as. a c c e l e r a t i n g  v o l t a g e  
and a t im e  o f  500 s was u s e d  f o r  p h o to n  c o l l e c t i o n  i n  a l l  t h e  sam p les  i n  
o r d e r  t o  q u a n t i f y  t h e s e  d i f f e r e n c e s .  The d a t a  was r e c o r d e d  on a  l i n e  
p r i n t e r  and a t  th e  same t im e  t h e  s p e c t r u m  p l o t t e d  u s in g  an x -y  p l o t t e r .
F ig .  ( 5 .6 a )  shows a s p e c t r u m  c o l l e c t e d  from  p ig m e n t  and m a t r i x  a r e a s  i n  
b l a c k  h a i r .  I n  th e  p ig m e n t  a r e a .  S i ,  P ,  S , K, Ca, C l ,  T i ,  Mn, Ni and Zn 
w ere  i d e n t i f i e d  w hereas  o n ly  A l ,  S ,  T i and Fe w ere  i d e n t i f i e d  i n  th e  h a i r  
m a t r i x .  The b lo n d e  h a i r  F i g .  ( 5 .6 b )  a l s o  showed a  v a r i a t i o n  i n  e l e m e n t a l  
c o n t e n t  b e tw e e n  p ig m e n ts  and m a t r i x  a r e a s  as Mg, A l ,  S i ,  P ,  S ,  C l ,  Ca, T i ,  
Mn, F e ,  N i and Zn w ere  p ig m e n ta l  e le m e n ts  and o n ly  S i ,  P ,  S , K and Fe w ere  
i d e n t i f i e d  i n  t h e  m a t r i x  a r e a .
To a p p ro a c h  a q u a n t i t a t i v e  c o m p ar iso n  t h i n  s e c t i o n s  o f  ~  100 nm 
w ere  u se d  so  th e  c o r r e c t i o n s  f o r  a b s o r p t i o n  o f  X - r a y ,  t h e  a to m ic  num ber 
and f l u o r e s c e n t  e f f e c t  can  be  n e g l e c t e d .  I f  t h e  t o t a l  c o u n ts  i n  t h e  
s p e c t ru m  a r e  c o n s id e r e d  as  b e in g  due t o  t h e  volume o f  i n t e r a c t i o n ,  th e  
c o u n t  i n  any one o f  t h e  p e a k s  i n  t h e  s p e c t ru m  i s  due to  t h e  c o n c e n t r a t i o n  
o f  t h a t  e le m e n t .  The p e r c e n t a g e  mass f r a c t i o n  can be  c a l c u l a t e d  u s i n g :
% mass f r a c t i o n  = P.eak  a r e a  -  b a c k g ro u n d  ^
t o t a l  c o u n ts
T ab le  ( 5 .1 )  g i v e s  th e  r e s u l t s  o f  a n a l y s i n g  b l a c k  and b lo n d e  h a i r .  The
b lo n d e  h a i r  h a s  low er  c o n c e n t r a t i o n  o f  Zn and Ca and  a g re e s  w i t h  S c h r o e d e r
e t  a l .  (1969) who found  t h a t  th e  b lo n d e  h a i r  h a s  r e l a t i v e l y  lo w e r  c o n c e n t r a t ­
io n s  o f  Zn and Mn th a n  th e  b l a c k  h a i r .  The r o l e  o f  t h e s e  e le m e n ts  i n  h a i r  
c o lo u r  ( p ig m e n ta t i o n )  i s  s t i l l  unknown and we can  o n ly  s t a t e  t h a t  t h e  h a i r  
p ig m e n ts  a r e  more r i c h  i n  some e le m e n ts  th a n  th e  m a t r i x ;  t h e  l a t t e r  i s  
c e r t a i n l y  r i c h e r  i n  s u lp h u r  th a n  th e  h a i r  p ig m e n ts .
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5 .4  INAA o f  H a i r  from  a  S e l e c t e d  P o p u l a t i o n  G roup .dn  th e  Machakos 
D i s t r i c t  o f  Kenya
5 . 4 . 1  S am pling
The sam p les  w ere  c o l l e c t e d  from  th e  Machakos d i s t r i c t  o f  K enya, t h e  
a d m i n i s t r a t i o n  h e a d q u a r t e r  o f  w h ic h ,  Machakos tow n, i s  l o c a t e d  a b o u t  50 Km 
s o u th  e a s t  o f  N a irob i  . Most o f  th e  p e o p le  sam pled  (Rowland and S p y rou 1976) 
come from  th e  v i l l a g e s  o f  K a v ia n i  and Kwangolya in t h e  I v e t i  l o c a t i o n ,  
w hich  i s  a r e l a t i v e l y  d e n s e ly  p o p u l a t e d  r e g i o n  300 persons/K m ^ com pared 
w i t h  10 persons/Km Z i n  o t h e r  p a r t s  o f  th e  d i s t r i c t ) .  The Akamba p e o p le  
who i n h a b i t e d  th e  Mackakos and K i t u i  d i s t r i c t s  b e lo n g  t o  t h e  l a r g e r  g roup  
c a l l e d  B a n tu s ,  some a r e  a g r i c u l t u r i s t s ,  o t h e r s  p a s t o r a l i s t s , b u t  b a s i c a l l y  
th e  m a j o r i t y  combine b o th  a c t i v i t i e s .
H a i r  sam p les  w ere  c l i p p e d  from  th e  l e f t  s i d e  o f  t h e  n a p e  a b o u t  1 cm 
from  th e  s c a l p  and n a i l  sam ples  w ere  o b t a i n e d ,  w henever  p o s s i b l e ,  f rom  t h e  
l a r g e  to e  o f  t h e  l e f t  f o o t ,  o t h e r w i s e  from  th e  thumb n a i l  o f  th e  l e f t  h a n d .  
I n  a d d i t i o n  th e  s e x ,  a g e ,  w e ig h t  and h è g h t  o f  t h e  s u b j e c t s  w e re  r e c o r d e d  and 
o c c a s i o n a l l y  t h e  b lo o d  p r e s s u r e .  The c o r r e c t  ages  o f  t h e  s c h o o l  c h i l d r e n  
and a d o l e s c e n t s  c o u ld  u s u a l l y  be  o b t a i n e d  w i t h o u t  d i f f i c u l t y ,  h o w e v e r ,  th e  
r e c o r d e d  a g e s  o f  th e  o l d e r  s u b j e c t s  w e re  som etim es a compromise b e tw e e n  w h a t  
th e  s u b j e c t  s a i d  and an e s t i m a t e  r e a c h e d  w i t h  th e  a i d  o f  l o c a l  i n f o r m a t i o n .
A t o t a l  o f  182 s u b j e c t s  e x c lu d in g  s m a l l e r  g ro u p s  o f  p r e g n a n t  women, b r e a s t  
f e e d in g  m o th e r s ,  th o s e  who a t t e n d e d  t h e  d i s p e n s a r y  a t  K a v i a n i ,  e t c . ,  fo rm ed  
th e  no rm a l g roup  from  K a v ia n i  and K w angolya. T h e i r  d i s t r i b u t i o n  was as  
f o l l o w s :
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Age 1-10 11-20 21-30 31-40 41-50 51 -6 0 61-70
No 58 53 32 25 10 9 5
M a le / fe m a le 39/19 2 8 /2 5 11 /21 10/15 5 / 5 4 /5 2 / 3
The c o l l e c t e d  h a i r  and n a i l  sam p les  w ere  coded and k e p t  i n  p o l y th e n e  
c o n t a i n e r s  r e a d y  f o r  a n a l y s i s .
5 . 4 . 2 ,  P r e p a r a t i o n  and  i r r a d i a t i o n
T here  a r e  s e v e r a l  s c h o o l s  o f  t h o u g h t  a b o u t  how to  c l e a n  h a i r  sam p les  
i n  p r e p a r a t i o n  f o r  a n a l y s i s ,  r a n g i n g  from  t h o s e  t h a t  a d v o c a t e  d o in g  n o t h in g  
to  th o s e  t h a t  b e l i e v e  i n  f a i r l y  complex p r o c e s s e s  w h ich  a r e  d e s ig n e d  t o  
remove one o r  o t h e r  s o u r c e  o f  e le m e n ts  ( e . g .  e c c r i n e  s w e a t ) ,  a  s p e c i f i c  
e le m e n t  o r  a  g roup  o f  e l e m e n t s .  F o r  ex am p le ,  N ish iy a m a  and N o rd b e rg
(1972) u se d  lO^Cd to  d i f f e r e n t i a t e  exogenous from  endogenous  s o u r c e s  and 
found  t h a t  v a r i o u s  t r e a t m e n t s  c o u ld  remove Cd from  h a i r  b u t  t h a t  no  t r e a t ­
ment w ould  d i f f e r e n t i a l l y  s e p a r a t e  exogenous from  e n d o g e n o u s .  The w a sh in g  
p r o c e d u r e  a d o p te d  h e r e  was d e s c r i b e d  i n  ( 4 .2 )  and i s  s im p le  and e a s y .  The 
w ashed  s a m p le s ,  a f t e r  d r y i n g ,  w ere  e n c a p s u l a t e d  i n  a  c l e a n  p o l y t h e l e n e  
c o n t a i n e r  r e a d y  f o r  i r r a d i a t i o n .
INAA was c a r r i e d  o u t  u s in g  th e  f o l l o w i n g  schem es:
a) S h o r t  i r r a d i a t i o n  o f  20 m i n . , a w a i t i n g  t im e  o f  90 s and c o u n t i n g  t im e
o f  'u 20 min u s in g  a  G e(L i)  d e t e c t o r  f o r  t h e  e l e m e n t s ,  N a, Mg, A l ,  S ,  C l ,
Ca, T i ,  V, Mn, Cu, B r ,  S r ,  Ba, I  and Hg.
b)  Long i r r a d i a t i o n  30 h r s . ,  a  w a i t i n g  t im e  o f  24 h r s . and  a  c o u n t in g
tim e o f  3000 s w i t h  a  G e(L i)  d e t e c t o r  f o r  K, S c ,  Co, F e ,  Zn, B r ,  A s ,
Rb, Sm, B a, L a ,  Hg and Au.
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c) C y c l i c  a c t i v a t i o n  o f  ^  38 s ,  7 c y c le s  g i v i n g  a t o t a l  e x p e r im e n t  t im e 
o f  'L 266 s f o r  F ,  S c ,  S e ,  B r ,  Ba and H f .  A n o th e r  ^  10 s i r r a d i a t i o n  
c y c le d  30 t i m e s ,  a t  a  t o t a l  e x p e r i m e n t a l  t im e  o f  300 s f o r  Pb . The 
G e(L i)  d e t e c t o r  was u s e d  f o r  c o u n t i n g .
I t  was s u g g e s t e d  by  K e r r  e t  a l .  (1978) t h a t  a  low e n e rg y  p h o to n  
d e t e c t o r  i s  u s e f u l  i n  a  s h o r t  i r r a d i a t i o n  scheme t o  d e t e c t  t h e  X - ra y s  
o f  r a r e  e a r t h  e le m e n ts  and m e t a s t a b l e  i s o m e r s .  U s ing  th e  same d e t e c t o r  
we found  no a d v a n ta g e  o v e r  th e  G e(L i)  f o r  h a i r  s a m p le s .  The G e(L i)  
d e t e c t o r  u s e d  i n  c o u n t in g  has  a  6% e f f i c i e n c y  w i t h  2 .2  keV r e s o l u t i o n  a t  
1332 keV.
The U n i v e r s i t y  o f  London R e a c to r  C e n t r e  p r o v i d e s  a  th e r m a l  n e u t r o n  
f l u x  i n  t h e  I n c o r e  I r r a d i a t i o n  System  (IC IS )  o f  2 .0 1  x IQ^^n cm“ ^ s ”  ^ f o r  
s h o r t  i r r a d i a t i o n  w h e re as  th e  t h e r m a l  f l u x  i n  t h e  c o re  tu b e  1 x lO^^n cm~^s“  ^
f o r  long  i r r a d i a t i o n .  Gamma r a y  c o u n ts  w e re  c o l l e c t e d  u s i n g  a  4000 m u l t i ­
c h a n n e l  a n a l y s e r  and s t o r e d  on m a g n e t ic  t a p e .  F i g .  ( 5 .7 )  i s  a  t y p i c a l  
s p e c t ru m  c o l l e c t e d  from  h a i r  s a m p le s .  The a n a l y s i s  o f  t h e s e  s p e c t r a  was 
c a r r i e d  o u t  u s in g  a m o d i f i e d  v e r s i o n  o f  SAMPO ( 2 , 8 ) .
5 . 4 . 3  R e s u l t s
The d a t a  o b t a i n e d  from  t h e  g roup  o f  A f r i c a n  s u b j e c t s  w e re  d i v i d e d  
by  s e x  as f o l l o w s :  m ale  = 40 ,  f em a le  = 31 w i t h  h a i r  s a m p le s  a n a ly s e d  v a r y i n g  
i n  w e ig h t  from  8 t o  100 mg a r e  g iv e n  i n  T a b le  5 . 2 .  The m ean v a l u e s  ± 
s t a n d a r d  d e v i a t i o n  h a v e  b e e n  e v a l u a t e d  a s  t h e  a r i t h m e t i c  mean o f  a l l  t h e  
m easu red  h a i r  c o n c e n t r a t i o n s  w hich  a r e  above th e  d e t e c t i o n  l i m i t .
E xam ining  th e  r a n g e  and mean ± SD shows t h a t  t h e r e  i s  a  w id e  d i s p e r s i o n  
round  th e  mean. L e n ih a n  e t  a l .  (1973) s t a t e d  t h a t  i n  a skew d i s t r i b u t i o n  
68 p e r c e n t  o f  th e  o b s e r v a t i o n s  w i l l  b e  b e tw e en
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GM x ' GSD and CM v GSD
So g e o m e t r i c  mean and  t h e  g e o m e t r i c  s t a n d a r d  d e v i a t i o n  w e re  a l s o  c a l c u ­
l a t e d  as th e  a n t i l o g  o f  th e  s t a n d a r d  d e v i a t i o n  o f  t h e  l o g a r i t h m  o f  t h e  
c o n c e n t r a t i o n .  The m ed ian  i s  g iv e n  i n  T a b le  ( 5 .2 )  and i t  i s  n e a r e r  t o  t h e  
GM s im p ly  b e c a u s e  t h e  GM i s  a lw ays  s m a l l e r  th a n  A.m and th e  m ed ian  t a k e s  
i n  c o n s i d e r a t i o n  i )  t h o s e  sam p les  w i t h  c o n c e n t r a t i o n s  b e lo w  th e  d e t e c t i o n  
l i m i t  i i )  o n ly  sam p les  w i t h  c o n c e n t r a t i o n s  above th e  d e t e c t i o n  l i m i t .
The f r e q u e n c y  d i s t r i b u t i o n s  f o r  c o n c e n t r a t i o n s  o f  N a, Ca, Mn, Mg, Cu, Hg,
I ,  V and Br i n  h a i r  w ere  p l o t t e d  i n  F i g .  ( 5 . 9 ) .  The same f i g u r e  g i v e s  t h e  
f re q u e n c y  d i s t r i b u t i o n  o f  t h e  l o g a r i t h m  o f  t h e  c o n c e n t r a t i o n ;  by  so  d o in g  
th e  skewed c o n c e n t r a t i o n  d i s t r i b u t i o n  p a t t e r n  o f  some e le m e n ts  e . g .  Hg, 
changes to  a  n o rm a l  d i s t r i b u t i o n  p a t t e r n  w i t h  th e  l o g a r i t h m i c  s c a l i n g .
To f i n d  o u t  i f  t h e s e  f r e q u e n c y  h i s to g r a m s  a r e  n o r m a l ly  d i s t r i b u t e d  a 
t e s t  f o r  no rm a l  d i s t r i b u t i o n  was a p p l i e d .  Some o f  th e  e le m e n ts  e . g .  Cu, Ca 
and Zn f i t  t h e  e x p e c te d  n o rm a l  d i s t r i b u t i o n  c u rv e  w h e re as  o t h e r s  l i k e  Hg 
do n o t .  At t h i s  p o i n t  i t  w i l l  b e  u s e f u l  to  t e s t  f o r  a n o th e r  d i s t r i b u t i o n  
so  t h a t  a  t e s t  was c a r r i e d  o u t  f o r  lo g  n o rm a l  d i s t r i b u t i o n  u s i n g  l o g a r i t h m i c  
p r o b a b i l i t y  p a p e r s .  The l o g a r i t h m i c  p r o b a b i l i t y  p a p e r  h a s  i t s  s c a l e s  o f  
o r d i n a t 0 X  g r a d u a t e d  l o g a r i t h m i c a l l y  w h i l e ,  on t h e  a b s c i s s a  s c a l e  p r o p o r t i o n s  
L (x) a r e  p l o t t e d  as e q u i v a l e n t  n o rm a l  d e v i a t e s .  The fo rm  o f  d a t a  r e q u i r e d  
f o r  th e  a p p l i c a t i o n  o f  t h i s  m ethod i s  a  g ro u p ed  c u m u la t iv e  f r e q u e n c y  t a b l e .  
A i t c h i s o n  and Brown (1966) p ro v e d  t h a t  i f  th e  p o i n t s  p l o t t e d  u s i n g  t h i s  
g r a p h i c a l  m ethod make a s t r a i g h t  l i n e  th e  sam p les  can  b e  c o n s i d e r e d  as  
drawn from  a lo g  n o r m a l ly  d i s t r i b u t e d  p o p u l a t i o n .  F i g .  ( 5 .1 0 )  i s  a  p l o t  
f o r  a l l  e le m e n ts  d e t e c t e d  i n  h a i r  u s i n g  t h i s  m ethod .
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From F i g .  ( 5 ,9 )  and F i g .  ( 5 .1 0 )  t h e  e s s e n t i a l  e le m e n t  z i n c  i s  
n o r m a l ly  d i s t r i b u t e d  w h e re a s  t h e  non e s s e n t i a l  e le m e n t  m e rc u ry  i s  lo g  
n o r m a l ly  d i s t r i b u t e d .  T hese  r e s u l t s  a g re e  w i t h  a  s u g g e s t i o n  b y  L i e b s c h e r  
and Sm ith  (1968) t h a t  e s s e n t i a l  t r a c e  e le m e n ts  have  n o rm a l  d i s t r i b u t i o n ,  
th e  m edian  v a l u e  i s  c l o s e  t o  b o t h  an a r i t h m e t i c  mean and a  g e o m e t r i c  mean 
and th e  r a t i o  o f  SD to  mean i s  s m a l l  w h e re a s  non e s s e n t i a l  t r a c e  e le m e n ts  
have  lo g n o rm a l  d i s t r i b u t i o n s ,  t h e  m ed ian  i s  c l o s e r  t o  t h e  g e o m e t r i c  mean
th a n  t o  a r i t h m e t i c  mean and th e  r a t i o  o f  t h e  SD to  mean i s  l a r g e .
T a b le  ( 5 .3 )  sum m arizes  t h e  r e s u l t s  o b t a i n e d  f o r  h a i r  f o r  f o u r
g roups  o f  s u b j e c t s ;  m ales  (> 12 y e a r s )  = 1 8 ,  m ales  (< 12 y e a r s )  = 2 2 ,
fe m a le s  (> 12 y e a r s )  = 15 , f e m a le s  (< 12 y e a r s )  = 1 6 ,  i n  t h e  fo rm  o f  
a r i t h m e t i c  mean and  s ta n d a rd  d e v i a t i o n  f o r  c o n c e n t r a t i o n s  above th e  
d e t e c t i o n  l i m i t s .  The f r a c t i o n  o f  t h e  v a l u e s  above th e  d e t e c t i o n  l i m i t  
a r e  d e n o te d  by  p .  The d e t e c t i o n  l i m i t  q u o te d  i s  f o r  a  h a i r  sam p le  o f  
'V 40 mg w e ig h t  and s h o u ld  o n ly  be  r e a d  as  g i v i n g  a m easu re  o f  t h e  o r d e r  
o f  m ag n i tu d e  o f  d e t e c t i o n .
5 . 4 . 4  D i s c u s s i o n
The p r im a ry  o b j e c t i v e  o f  t h i s  s t u d y  was t o  detçrtnine t h e  t r a c e  e le m e n t  
c o n c e n t r a t i o n  i n  h a i r  f o r  n o rm a l  p e o p le  l i v i n g  i n  a  s m a l l ,  s e c l u d e d  a r e a  
i n  Kenya. T hese  d a t a  w ould  t h e n  b e  a v a i l a b l e  f o r  c o m p ar iso n  w i t h  s a m p le s  
ta k e n  from  o t h e r  p o p u l a t i o n s  as  w e l l  a s  f o r  ^ s tu d ie s  o f  m e ta b o l i s m  o r  
e n v i r o n m e n ta l  n a t u r e  i n  th e  same p o p u l a t i o n .  The r e s u l t s  w ere  com pared  
w i th  t h o s e  r e p o r t e d  by B a r k e r  e t  a l .  (1976) A runachalam  e t  a l .  (1978)  
f o r  I n d i a n  p o p u l a t i o n .  C r é a s on e t  a l .  (1976) f o r  8 s e l e c t e d  U n i t e d  S t a t e s  
c o m m u n it ie s ,  A l - S h a h r i s t a n i  e t  a l .  (1978) f o r  an I r a q i  p o p u l a t i o n ,  C lem en te  
e t  a l .  (1978) f o r  an I t a l i a n  p o p u l a t i o n ,  T akeuch i  e t  a l .  (1978 )  f o r  a 
J a p a n e s e  p o p u l a t i o n  and O b ru s n ik  e t  a l .  (1979) o f  p o p u l a t i o n  g ro u p s  i n
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f i g -  5 .9  F re q u e n c y  H i s to g r a m s - o f  Hg, I ,  Ca, Mg, V, B r ,  Na, Cu, Mn i n  
Male and Fem ale G roups .
N = Male F = Fem ale
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C z e c h o s lo v a k ia .  INAA was th e  t e c h n iq u e  u s e d  f o r  a n a l y s i s  w i t h  o n ly  
C reason  and B a r k e r  u s in g  th e  a to m ic  o b s o r p t i o n .
The c o n c e n t r a t i o n  o f  m ost t r a c e  e le m e n ts  m ea su red  i n  h a i r  o f  th e  
K a v ia n i  and Kw angalya s u b j e c t s  i s  co m p arab le  w i t h  d a t a  g iv e n  f o r  t h e  
above p o p u l a t i o n s .  The Hg was an e x c e p t io n  as  i t s  c o n c e n t r a t i o n  i n  t h i s  
p o p u l a t i o n  i s  s i g n i f i c a n t l y  h i g h e r  th a n  o t h e r  p o p u l a t i o n s .  D ale  e t  a l .  
(1974) h a v e  r e p o r t e d  t h a t  a  number o f  p e o p le  i n  Kenya a r e  u s i n g  m e rc u ry  
compounds as  c o s m e t i c s .  How ever, t h e  r e p o r t e d  a r i t h m e t i c  mean o f  t h e s e  
u s in g  t h i s  cream  i s  much h i g h e r  t h a n  th e  a r i t h m e  t i c  mean o f  t h e  p e o p le  
who n e v e r  u s e d  i t .  The v a lu e  g iv e n  h e r e  f o r  Hg i s  i n  good a g re e m e n t  
w i t h  t h e  one g iv e n  by  D a le  f o r  p e o p le  who n e v e r  u s e d  t h a t  c ream .
The c o p p e r  v a lu e  f o r  o u r  s e l e c t e d  p o p u l a t i o n  was s i m i l a r  t o  t h a t  
o f  no rm a l  J a p a n e s e ,  I n d i a n  s t u d e n t s  and U n i te d  S t a t e  c o m m u n it ie s .  T h is  
f i n d i n g  a l s o  a p p l i e d  to  t h e  z in c  c o n c e n t r a t i o n .  T h is  c o u ld  b e  b e c a u s e  
b o t h  Zn and Cu a r e  e s s e n t i a l  t r a c e  e le m e n ts  and t h e i r  a v a i l a b i l i t y  i n  th e  
human body s t o r e  a t  a  l e v e l  o f  r e q u i r e m e n t  w h ich  c o u ld  b e  t h e  same i n  m ost 
no rm al  p e o p l e .  The h a i r  can  b e  c o n s id e r e d  a s  a  r e f l e c t i o n  o f  t h a t  l e v e l  
o f  s t o r i n g .  By c o m p a r iso n  w i t h  o t h e r  p o p u l a t i o n s  i t  was found  t h a t  Mn and 
Mg c o n c e n t r a t i o n s  w ere  h i g h e r  i n  th e  K a v ia n i  and Kw angolya s u b j e c t s  w h e re a s  
th e  c o n c e n t r a t i o n  o f  Ca and I  was lo w er  i n  t h i s  g r o u p .
U sing  s t a t i s t i c a l  m ethods a c o m p ar iso n  o f  t h e  a r i t h m e t i c  mean ± SD 
o f  t r a c e  e le m e n t  c o n c e n t r a t i o n s  b e tw e en  th e  f o u r  g ro u p s  was c a r r i e d  o u t  t o  
t e s t  th e  s i g n i f i c a n c e  o f  t h e  d i f f e r e n c e  b e tw e en  means o f  c o n c e n t r a t i o n s .
The t - t e s t  was u sed  ( e . g .  L i e b s c h e r  1972) t o  a s s e s s  t h e  
v a l i d i t y  o f  a n u l l  h y p o t h e s i s  f o r  e le m e n ts  e x h i b i t i n g  a no rm al 
d i s t r i b u t i o n .  The c a l c u l a t e d  t - v a l u e s  a lo n g  w i t h  t h e  t a b u l a t e d  t - v a l u e s
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f o r  .05  and .1 0  l e v e l  o f  s i g n i f i c a n c e  a r e  l i s t e d  i n  T a b le  ( 5 . 4 ) .  T h is  
t a b l e  g i v e s  a  c o m p a r iso n  b e tw e e n  d i f f e r e n t  ages  o f  s i m i l a r  s e x  and th e  
d i f f e r e n c e  b e tw e e n  s e x  w i t h  t h e  same a g e .
The d i f f e r e n c e  b e tw e e n  m ale  and  fe m a le  h a i r  t r a c e  e le m e n ts
c o n c e n t r a t i o n  was r e p o r t e d  by many w o r k e r s .  B r ig g s  e t  a l .  (1973) found  
t h a t  t h e r e  i s  more c o p p e r  i n  fem a le  h a i r  t h a n  m ale  h a i r .  V e rg h e se  e t  a l .
(1973 a l s o  o b s e rv e d  s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  l e v e l  o f  m ercu ry  and
g o ld  b e tw een  m ale  h ead  h a i r  and fem a le  h e a d  h a i r ,  w hich  i s  due t o  e x t e r n a l
c o n ta m in a t io n .  These  d i f f e r e n c e s  w ere  l e s s  s i g n i f i c a n t  f o r  e s s e n t i a l  t r a c e
e le m e n ts  such  as  co p p e r  and a i n c .
As f o r  s e x  t h e  t r a c e  e le m e n t  c o n t e n t  o f  h a i r  v a r i e s  w i t h  a g e ,  th e
v a r i a t i o n  i s  m a in ly  due to  p h y s i o l o g i c a l  d e v e lo p m en t .  V a lu e s  f o r  some 
e le m e n ts  p e a k e d  i n  c e r t a i n  ages  su ch  as Ca i n  women b e tw e e n  2 5 -3 5  y e a r s
o f  age (C re a s o n  e t  a l .  1975) w h e re a s  o t h e r  e le m e n ts  su c h  a s  Cu d e c r e a s e
w i t h  a g e .  S c h r o e d e r  e t  a l .  (1969) h a v e  c a l c u l a t e d  t r a c e  e le m e n t  c o n c e n t r a t ­
io n s  i n  human t i s s u e  f rom  d a t a  g iv e n  by  T ip to n  e t  a l .  (1963) and  fou n d  t h a t  
e le m e n ts  s u c h  as  Mg, Zn,  Cu, Mn h a v e  e l e v a t e d  c o n c e n t r a t i o n  i n  th e  f i r s t  
d e cad e  o f  l i f e  and  rem a in  q u i t e  c o n s t a n t  t h e r e a f t e r .
I n  t a b l e  ( 5 . 4 )  i t  i s  found  t h a t  t h e  mean c o n c e n t r a t i o n  o f  . . ' Ca
v a r i e s  w i t h  s e x  as  th e  n u l l  h y p o t h e s i s  ( t h e  two a r i t h m e t i c  m ea n * a re  e q u a l )
was r e j e c t e d  a t  . 10% s i g n i f i c a n c e  l e v e l .  When t h e  fe m a le
and m ale  p o p u l a t i o n s  a r e  d i v i d e d  i n t o  two g ro u p s  i . e .  y o u n g e r  t h a n  12 y e a r s  
' ... /
and o l d e r  th a n  12 y e a r s ,  th e  mean c o n c e n t r a t i o n  o f  Mg V   ^ i n  t h e  two
fem a le  g ro u p s  r e j e c t  th e  n u l l  h y p o t h e s i s  w i t h  10% l e v e l  o f  s i g n i f i c a n c e .  
W hereas i n  m a le s  th e  mean c o n c e n t r a t i o n  o f  S jS r e j e c t e d  t h e  n u l l  
h y p o t h e s i s  w i t h  10% l e v e l  o f  s i g n i f i c a n c e ,  and was a l s o  r e j e c t e d  f o r  Zn a t  
5% l e v e l  o f  s i g n i f i c a n c e .
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5 .5  INAA o f  N a i l
The n a i l  i s  s i m i l a r  to  h a i r  i n  b e in g  a k e r a t i n i s e d  t i s s u e  and 
h a s  a  low m e t a b o l i c  t u r n o v e r .  I t  was s u g g e s t e d  t h a t  n a i l s  and h a i r  
c o u ld  b e  u s e f u l  i n  t h e  s tu d y  o f  t r a c e  e le m e n t  a c c u m u la t io n  i n  t h e
body . C opper i n  f i n g e r n a i l s  h a s  b e e n  s t u d i e d  i n  p a t i e n t s  w i t h  W i l s o n ' s
syndrome ( M a r t in  1964) and found  no d i f f e r e n c e  i n  c o p p e r  c o n c e n t r a t i o n  
i n  f i n g e r n a i l s  o f  p a t i e n t s  from  t h a t  o f  c o n t r o l  i n d i v i d u a l s ,  a l t h o u g h  
t h i s  was n o t  t h e  c a s e  i n  t h e i r  l i v e r ,  c o rn e a  o r  c e n t r a l  n e rv o u s  s y s te m .  
Maher e t  a l .  (1970) h a s  f a i l e d  t o  r e v e a l  s i g n i f i c a n t  d i f f e r e n c e s  i n  
t r a c e  e le m e n ts  c o n t e n t  i n  n a i l s  o f  r e n a l  p a t i e n t s  g ro u p s  and c o n t r o l  
w i t h  r e g a r d  t o  Mn, Cu, Zn, Au and Na.
The n a i l  sam ples  w ere  c o l l e c t e d  from  th e  same g roup  o f  p e o p le  i n
th e  Machakos d i s t r i c t  o f  Kenya. The c l e a n i n g  was th e  same as  f o r  h a i r  
( 4 .2 )  e x c e p t  t h a t  a  b r u s h  had  b e e n  u s e d  w i t h  some n a i l s  t o  c l e a n  th e  
heavy  d u s t .  I r r a d i a t i o n  and c o u n t in g  c o n d i t i o n s  w ere  a l s o  s i m i l a r  t o  
th o s e  a p p l i e d  on h a i r .  T a b le  ( 5 .5 )  p r e s e n t s  t h e  r e s u l t s  o f  a n a l y s i s  o f
to e  n a i l  f o r  N a, Mg, C l ,  Ca, V, Mn and Cu i n  term s o f  mean (x )  and s t a n d a r d
d e v i a t i o n  (o^_^)  and p .  The d e t e c t i o n  l i m i t  o f  t h e s e  e le m e n ts  i n  n a i l
a r e  l i s t e d  f o r  a  n a i l  sam ple  o f  ^  6 mg a lo n g  w i t h  t h e  r a t i o  o f  t h e  mean
o f  c o n c e n t r a t i o n s  o f  t h e s e  e le m e n ts  i n  t o e  n a i l  and h a i r .
The mean c o n c e n t r a t i o n  v a lu e s  f o r  e le m e n ts  c o n s id e r e d  i n  t o e  n a i l s  
f o l l o w  th e  same t r e n d  as  i n  h a i r , w i t h  h i g h e r  v a l u e s  i n  t h e  fe m a le  s a m p le s .  
The Na and Mn c o n c e n t r a t i o n  i n  to e  n a i l s  a r e  h i g h e r  by  a  f a c t o r  o f  10 and 
low er by a f a c t o r  o f  4 ,  r e s p e c t i v e l y ,  th a n  t h o s e  i n  h a i r .  ' M ercu ry  i n  t h e  
to e  n a i l  sam p les  was one q u a r t e r  o f  t h e  h a i r  c o n c e n t r a t i o n .  I t  can  b e  s e e n  
t h a t  w i t h  t h e  e x c e p t i o n  o f  Mn t h e r e  i s  no d i f f e r e n c e  i n  c o n c e n t r a t i o n  o f  Na,
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Mg, C l ,  Ca, V and Cu due to  s e x .  I t  was d i f f i c u l t  t o  e v a l u a t e  th e  age 
e f f e c t  as  t h e  number o f  sam p les  was s m a l l  i n  e a c h  age g ro u p .
5 ,6  INAA o f  H a i r  from  B r e a s t  C ance r  P a t i e n t s
H a i r  sam p les  w ere  c o l l e c t e d  from  p a t i e n t s  w i t h  b r e a s t  tu m o u rs ,  a lo n g  
w i t h  a  sp ec im en  o f  th e  n o rm a l  and tum our b r e a s t  t i s s u e ,  f o r  t r a c e  e le m e n ts  
a n a l y s i s  u s in g  INAA. The p a t i e n t s  u n d e rg o in g  m a s te c to n y  w e re  a l l  fe m a le  
aged b e tw e en  30 -80  y e a r s .  H a i r  sam p les  w ere  w ashed  w i t h  w a t e r ,  a c e t o n e  
and th a n  d r i e d  f o r  24 h r s .  i n  a  fume c a p b o a rd  ( 4 . 2 ) .  To d e te r m in e  e l e m e n t a l  
c o n c e n t r a t i o n  sa m p le s  as w e l l  as s t a n d a r d s  w ere  i r r a d i a t e d  a t  t h e  ULRC 
u s in g  th e  ICIS f a c i l i t y  f o r  s h o r t  i r r a d i a t i o n s  and th e  cone tu b e  2 7 0 /4  f o r  
long  i r r a d i a t i o n s .
T a b le  ( 5 .6 )  g iv e s  th e  c o n c e n t r a t i o n  o f  N a, C l ,  Mg, S ,  Ca, Mn, Cu, Zn, 
B r ,  I ,  Sb, Ba, Au and Hg i n  y g / g  o f  h a i r  s a m p le s .  The r a n g e  g i v e n  i n  th e  
f i r s t  column shows th e  d i s p e r s i o n  i n  t h e  c o n c e n t r a t i o n .  I n  t h e  s e c o n d  
column th e  a r i t h m e t i c  mean w i t h  th e  s t a n d a r d  d e v i a t i o n  a r e  l i s t e d  f o r  
sam ple  c o n c e n t r a t i o n s  above th e  d e t e c t i o n  l i m i t .  The g e o m e t r i c  mean and 
th e  g e o m e t r i c  s t a n d a r d  d e v i a t i o n  w ere  c a l c u l a t e d  as th e  s t a n d a r d  d e v i a t i o n  
f o r  m ost e le m e n ts  i s  e q u a l  o r  l a r g e r  t h a n  th e  a r i t h m e t i c  m ean. To i n c l u d e  
v a lu e s  be low  th e  d e t e c t i o n  l i m i t  t h e  m ed ian  v a l u e s  w ere  l i s t e d  t a k i n g  t h e s e  
i n t o  a c c o u n t .  L i s t i n g  t h e  f r a c t i o n  o f  sam p les  (P) w i t h  c o n c e n t r a t i o n  above 
th e  d e t e c t i o n  l i m i t  h e l p s  i n  knowing how f r e q u e n t l y  t h e  e le m e n t  was 
d e t e c t e d  i n  th e  p o p u l a t i o n .  F req u en cy  h i s to g r a m s  f o r  Mg, S ,  Ca, Cu, Zn, I  
Au and Hg a r e  g iv e n  i n  F i g .  ( 5 . 1 1 ) .  The f re q u e n c y  h i s t o g r a m  o f  Zn, S ,  Cu 
and Ca f o l lo w s  a n o rm a l  d i s t r i b u t i o n ,  t h i s  i s  a l s o  c o n f i rm e d  by  t h e  t e s t  
f o r  b e s t  f i t  w i t h  e x p e c t e d  f r e q u e n c y .  A t e s t  f o r  lo g n o rm a l  d i s t r i b u t i o n  
was c a r r i e d  o u t  u s i n g  lo g a r i t h m  p r o b a b i l i t y  p a p e r s .  I t  can  be  s e e n  from
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F ig ,  ( 5 .1 2 )  t h a t  th e  p l o t  o f  Hg and Au i s  a  s t r a i g h t  l i n e  c o n f i r m in g  t h a t  
th e  d i s t r i b u t i o n  o f  t h e s e  two e le m e n ts  i s  o f  lo g n o rm a l  t y p e ,  w h e re as  th e  
Zn, Cu, I  and Ca does n o t  s a t i s f y  t h i s  c o n d i t i o n  and h a s  a l r e a d y  b e e n  
found  t h a t  th e y  f i t  a  n o rm a l  d i s t r i b u t i o n  c u rv e .
T hese r e s u l t s  s u p p o r t  t h e  a s s u m p t io n  m e n t io n e d  e a r l i e r  t h a t  t h e  
e s s e n t i a l  t r a c e  e le m e n ts  h a v e  a  n o rm a l  d i s t r i b u t i o n  w h e re a s  t h e  n o n -  
e s s e n t i a l  t r a c e  e le m e n ts  h av e  a  lo g n o rm a l  d i s t r i b u t i o n .  T h is  means t h a t  
th e  n o n - e s s e n t i a l  e le m e n ts  can a c c u m u la te  i n  th e  body w i t h o u t  b e in g  
s e c r e t e d  a t  t h e  same r a t e  o f  a c c u m u la t io n .
I t  i s  n o t  a c c u r a t e  t o  compare th e  t r a c e  e le m e n t  c o n c e n t r a t i o n s  i n  h a i r  
o f  b r e a s t  tum our p a t i e n t s  w i t h  t h e  t r a c e  e le m e n t  c o n c e n t r a t i o n s  i n  h a i r  
from  th e  Machakos p o p u l a t i o n  as  n o t  o n ly  t h e  h e a l t h  s t a t e  w h ich  a f f e c t s  th e  
h a i r  th ro u g h  i t s  c y c le  i s  d i f f e r e n t .  F o r  ex am p le ,  i t  h a s  b e e n  r e p o r t e d  
t h a t  an a c u t e  d i s e a s e  l i k e  a c u t e  p s y c h i a t r i c  d i s o r d e r  (Rees e t  a l .  ( 1 9 7 4 ) ,  
o r  g r o s s  m e t a b o l i c  d i s e a s e ,  o r  o t h e r  m arked  d i s t u r b a n c e  o f  t h e  g e n e r a l  
p h y s io lo g y  can  p ro d u c e  t h e s e  c h a n g e s .  However, i t  i s  n o t  o n ly  a c u t e  d i s e a s e  
b u t  a l s o  c h r o n i c  d i s e a s e  w h ich  a f f e c t ,  h a i r  e , g ,  c a r c i n o m a t o s i s ,  m a l a b s o r p t i o n  
syndrom es su c h  as  m a l n u t r i t i o n  o f  K w a s h io rk o r  w here  MacDonald e t  a l ,  (1961) 
found  t h a t  t h e r e  i s  a s i g n i f i c a n t  r e d u c t i o n  i n  t h e  c o n c e n t r a t i o n  o f  c o p p e r  
i n  th e  h a i r  o f  p a t i e n t s  w i t h  t h i s  d i s e a s e  and K o p i to  (1972) d e m o n s t r a t e d  
t h a t  s c a l p  h a i r  o f  n e o n a te s  w i t h  c y s t i c  f i b r o s i s  c o n t a i n s  s i g n i f i c a n t l y  
e l e v a t e d  c o n c e n t r a t i o n  o f  Na and K -  b u t  a l s o  th e  e n v iro n t  m e n t ,  th e  n u t r i t i o n  
and th e  way o f  l i v i n g .  N o n e t h e l e s s ,  f rom  T a b le s  5 ,6  and 5 ,2  t h e  c o n c e n t r a t i o n  
o f  Na, Mg, C l ,  Mn, Zn and Hg w e re  lo w e r  i n  p a t i e n t s *  h a i r ,  w h e re a s  I ,  S and  
Ca w ere  h i g h e r .  F i n a l l y ,  i t  s h o u ld  be  n o t e d  t h a t  th e  c o p p e r  c o n c e n t r a t i o n s  
i n  p a t i e n t s *  h a i r  i s  s i m i l a r  t o  t h e  v a l u e s  fou n d  i n  t h e  Machakos g r o u p ,  t h e  
I n d i a n  and th e  J a p a n e s e  p o p u l a t i o n s .
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CHAPTER 6
INAA OF CANCEROUS AND NON-CANCEROUS BREAST TISSUES
6 ,1  I n t r o d u c t i o n
Some t r a c e  e le m e n ts  have  b een  l i n k e d  to  c a n c e r  a l t h o u g h  none o f  
th e  s t u d i e s  have  b een  d e v e lo p e d  to  t h e  p o i n t  o f  rem ov ing  c o n t r a d i c t i o n s  
o r  p r e s e n t i n g  a c l e a r  p i c t u r e  o f  a l t e r e d  human r i s k  (B erg  and  B urbank ,
19 7 2 ) .  T h is  r i s k  can  be  a f f e c t e d  i n  o t h e r  ways th a n  by  d i r e c t  c a r c i n o ­
g e n e s i s .  S in c e  m ost  c a t i o n s  a r e  b i o l o g i c  c o m p e t i t o r s  w i t h  o t h e r  d i e t a r y  
c o n s t i t u e n t s ,  a c o r r e l a t i o n  may be  found  w i t h  d e f i c i e n c i e s  o r  e x c e s s e s  
o f  e le m e n ts  n o t  u s u a l l y  (Berg  1974) i m p l i c a t e d  i n  c a r c i n o g e n e s i s .  F o r  
t h i s  r e a s o n  a g r e a t  d e a l  o f  a n a l y t i c a l  work i s  d e v o te d  t h e s e  days to  th e  
d e t e r m i n a t i o n  and c o n t r o l  o f  t r a c e  e le m e n ts  i n  b i o l o g i c a l  s a m p le s .  Most 
o f  th e  a n a l y t i c a l  s t u d i e s  w ere  c o n c e rn e d  w i t h  th e  f o l l o w i n g  p u r p o s e s :
a) To d e v e lo p  more a c c u r a t e  and p r e c i s e  m ethods f o r  th e  d e t e r m i n a t i o n  
o f  t r a c e  e l e m e n t s .
b) To d e te rm in e  mean v a lu e s  and s t a n d a r d  d e v i a t i o n s  f o r  t r a c e  e le m e n ts  
in  no rm al and  abnorm al human t i s s u e s .
c) To s tu d y  th e  m anner i n  w hich  th e  c o n c e n t r a t i o n  o f  t r a c e  e le m e n ts  v a r i e s  
w i th  a g e ,  s e x ,  o c c u p a t io n  and g e o g r a p h i c a l  l o c a t i o n .
d) To d e te rm in e  w h e th e r  abno rm al c o n c e n t r a t i o n s  o f  t r a c e  e le m e n ts  a r e  
th e  r e s u l t  o f  a s p e c i f i c  d i s e a s e  o r  a p o s s i b l e  f a c t o r  o f  c a u s e .
However, from  th e  m e d ic a l  p o i n t  o f  v ie w ,  t h e  o b s e r v a t i o n  o f  
c o r r e l a t i o n s  be tw een  d i s e a s e ,  i n  g e n e r a l ,  and  t r a c e  e le m e n ts  i s  a v a s t
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p r o j e c t  t h a t  w i l l  r e q u i r e  t im e  and a l a r g e  amount o f  d a t a .  T here  i s  a 
l o t  o f  h a r d  work t o  b e  done i f  we w an t  t o  e s t a b l i s h  a c c u r a t e  r e l a t i o n ­
s h i p s  b e tw e en  human d i s e a s e  e n c o m p a ss in g  g e n e r a l i z e d  c a t e g o r i e s  ( su c h  
as  c a n c e r ,  m e t a b o l i c  d i s e a s e ,  e t c )  and t r a c e  e le m e n t  im b a la n c e s .  Good 
r e s u l t s  can b e  o b t a i n e d  o n ly  i f  we r e s t r i c t  o u r s e l v e s  t o  th e  o b s e r v a t i o n s  
o f  c o r r e l a t i o n  b e tw e en  t r a c e  e le m e n ts  and w e l l  d e f i n e d  d i s e a s e  ( b r e a s t  
c a n c e r ,  c a n c e r  o f  p r o s t a t e ,  s tom ach  u l c e r s ,  e t c . ) .
B r e a s t  c a n c e r  was ch o sen  i n  t h i s  p r o j e c t  t o  s tu d y  th e  t r a c e  e le m e n t  
c o n c e n t r a t i o n  i n  b o t h  n o rm a l  ( o r  so  c o n s id e r e d )  and c a n c e ro u s  t i s s u e s  
c o l l e c t e d  from  th e  same b r e a s t .  H a i r  sanç>les from  th e  same p a t i e n t s  
were a l s o  c o l l e c t e d  and a n a ly s e d  ( 5 .6 )  t o  s e e  i f  t h e r e  a r e  any c o r r e l a t i o n s  
b e tw een  t r a c e  e le m e n ts  i n  b r e a s t  t i s s u e s  and th e  h a i r  o f  i n d i v i d u a l s .
6 .2  INAA o f  C ancerous  and N o n -c a n c e ro u s  B r e a s t  T i s s u e s
C ancer  o f  t h e  mammary g la n d s  i s  one o f  th e  more common n e o p la sm s  
among s e v e r a l  mammalian s p e c i e s  i n c l u d i n g  man. The W orld H e a l th  
O r g a n iz a t i o n  (1970) h a d  c o l l e c t e d  th e  i n c i d e n c e  r a t e s  o f  b r e a s t  c a n c e r  i n  
o v e r  40 a r e a s  i n  5 c o u n t r i e s .  T h e i r  r e s u l t s  show t h a t  t h e  h i g h e s t  r a t e s  o f  
i n c i d e n c e  o c c u r  i n  t h e  w h i t e  p o p u l a t i o n  o f  t h e  U n i te d  S t a t e s  and t h e  lo w er  
r a t e s  o f  i n c i d e n c e  o c c u r  i n  J a p a n  and  th e  b l a c k  p o p u l a t i o n  o f  S o u th  A f r i c a .  
C o n s e q u e n t ly ,  a  l o t  o f  r e s e a r c h  work h a s  b e e n  c a r r i e d  o u t  on b r e a s t  c a n c e r ,  
b u t  w i t h  v e ry  l i t t l e  work done on t h e  e l e m e n t a l  c o m p o s i t io n  o f  b o t h  no rm a l 
and tum our b r e a s t  t i s s u e s .
6 . 2 . 1  Sam pling  and a n a l y s i s
T i s s u e s  w ere  o b t a i n e d  from  s u r g i c a l  sp ec im en s  o f  p a t i e n t s  a t  th e  
R oyal S u r re y  County  and S t .  L u k e 's  H o s p i t a l s  i n  G u i l d f o r d .  S t a i n l e s s
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s t e e l  i n s t r u m e n t s  w ere  u se d  f o r  e x c i s i o n  and capped  p o l y e t h y l e n e  
c o n t a i n e r s  f o r  s t o r a g e  and t r a n s p o r t  o f  t h e  sp e c im e n .  A l l  i n s t r u m e n t s  
and c o n t a i n e r s  w ere  c l e a n s e d  by r i n s i n g  them l i b e r a l l y  w i t h  d o u b le  
d i s t i l l e d  w a t e r  to  a v o id  c o n ta m in a t io n  w i t h  e x t r a n e o u s  m a t e r i a l s .  The 
n o n - c a n c e ro u s  t i s s u e s  w ere  c a r e f u l l y  d i s s e c t e d  u s in g  th e  s t a i n l e s s  k n i f e  
t o  o b t a i n  o n ly  sam p les  w i t h  n e o p la sm  t i s s u e s ,  f i b r o u s  s t r a n d s  o f  n o rm a l  
b r e a s t  w ere  s h a r p l y  d i s s e c t e d  f r e e  o f  a d j a c e n t  f a t  and f a t  was e x c i s e d  
from  b r e a s t  c a n c e r  and n o rm a l  t i s s u e s .  B oth  c a n c e ro u s  and n o n - c a n c e ro u s  
t i s s u e s  w ere  o b t a i n e d  from  th e  same i n d i v i d i a l  as w ide  v a r i a t i o n s  i n  
c o n c e n t r a t i o n  o f  a  g iv e n  e le m e n t  e x i s t  i n  a  p a r t i c u l a r  t i s s u e  o b t a i n e d  
from  d i f f e r e n t  h e a l t h y  p e o p le  as  t h e  s tu d y  c o n d u c te d  by T ip to n  e t  a l .
(1964) r e v e a l e d  w ide  r a n g e s  i n  c o n c e n t r a t i o n  o f  m e ta l s  i n  s p e c i f i c  t i s s u e s .  
Such v a r i a t i o n s  m ig h t  be  due to  t h e  d i f f e r e n c e  i n  a g e ,  s e x ,  d i e t  and o t h e r  
g e n e t i c  and e n v i r o n m e n ta l  f a c t o r s .
The t i s s u e s  w ere  f r e e z e d  as  soon  as  d i s s e c t e d ,  th e n  f r e e z e  d r i e d  i n  
an  Edwards vacuum f r e e z e  d r i e r  i n  th e  B io c h e m is t r y  D ep a r tm en t  o f  th e  
U n i v e r s i t y .  Dry sam p les  w ere  s t o r e d  im m e d ia te ly  i n  a  deep f r e e z e r ,  and 
rew e ig h ed  i n  t h e  d ry  s t a t e  b e f o r e  a n a l y s i s .  F o r  r e p r o d u c i b l e  g e o m e t ry ,  
th e  d ry  t i s s u e s  and th e  s t a n d a r d  r e f e r e n c e  m a t e r i a l  w ere  p r e s s e d  i n  p e l l e t  
shaped  c a p s u l e s  f i t t i n g  th e  s t a n d a r d  s i z e  o f  th e  ICIS i r r a d i a t i o n  c o n t a i n e r .
U sing th e  INAA m ethod f o r  e l e m e n t a l  a n a l y s i s  o f  b o th  c a n c e r o u s  and 
n o n -c a n c e ro u s  b r e a s t  t i s s u e s  p r e s e n t e d  n o  s p e c i f i c  d i f f i c u l t i e s .
A s h o r t  i r r a d i a t i o n  o f  f o u r  m in u te s  t im e  was u se d  f o r  r a p i d  i n s t r u m e n t a l  
r o u t i n e  a n a l y s i s .  A f t e r  i r r a d i a t i o n  w i t h  IC IS ,  a p n e u m a t ic  s h u t t l e  
t r a n s p o r t s  th e  sam ple  t o  th e  r a d io c h e m ic a l  l a b o r a t o r i e s  ( w i t h i n  12s)  w here  
th e y  a re  removed from th e  i r r a d i a t e d  c o n t a i n e r  and p l a c e d  i n  a  c l e a n ,  non
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a c t i v e  c o n t a i n e r  i n  l e s s  th a n  90 s ,  w hich  was th e  w a i t i n g  t im e  b e tw e en  
t h e  end o f  i r r a d i a t i o n  and  th e  s t a r t  o f  c o u n t i n g .  C o u n t in g  was c a r r i e d  
o u t  f o r  8 m in u te s  u s in g  a G e(L i)  d e t e c t o r  (C a n b e r ra )  o f  6 p e r c e n t  
e f f i c i e n c y  and  2 ,2  keV r e s o l u t i o n  a t  1332 keV. D a ta  was s t o r e d  on 
m a g n e t ic  t a p e  and a n a ly s e d  u s in g  a  com pu te r  p ro g ram  SAMPO, as  f o r  h a i r  
s a m p le s .  Only s i x  i s o t o p e s  w ere  d e t e c t e d  i n  some o f  th e  sam p les  w i th  
Na, Cl and  Br o c c u r r i n g  i n  a l l  t h e  s a m p le s .
To o b t a i n  f u r t h e r  d a t a  from  th e  s a m p le s ,  i r r a d i a t i o n s  i n  t h e  2 7 0 /4  
c o re  tu b e  f o r  m u l t i p l e s  o f  t h e  r e a c t o r  o p e r a t i n g  day ('v 7h) w ere  u s e d .  
Samples w ere  p o s i t i o n e d  i n  t h e  r e a c t o r  c o r e  f o r  two weeks ('v 5 0 -60h )  
i r r a d i a t i o n .  S ix  days o f  w a i t i n g  t im e  w ere  n e c e s s a r y  to  a l l o w  th e  ^^Na 
and ®^Br a c t i v i t y  to  d e c ay  away. Each  s a n p l e  was c o u n te d  f o r  1 h  u s in g  
th e  same G e(L i)  d e t e c t o r  u s e d  f o r  t h e  c o u n t in g  o f  s h o r t  i r r a d i a t e d  s a m p le s .
S ta n d a r d  r e f e r e n c e  m a t e r i a l s  NBS O rc h a rd  l e a v e s ,  NBS B ovine  l i v e r  
and Bowen's K a le  w ere  u s e d  t o  o b t a i n  e l e m e n t a l  c o n c e n t r a t i o n s .  F lu x  
g r a d i e n t s  a lo n g  th e  c o n t a i n e r s  w ere  m o n i to re d  by  th e  u se  o f  i r o n  w i r e s  as 
d e s c r i b e d  i n  ( 4 . 8 ) .  Gamma r a y  s p e c t r a  w ere  r e c o r d e d  on m a g n e t ic  t a p e  and 
a n a ly s e d  by  SAMPO as f o r  th e  s h o r t  i r r a d i a t i o n s  w i t h  c o r r e c t i o n s  f o r  
d i f f e r e n t  f l u x e s  and w a i t i n g  t i m e s ,  b e tw e e n  s a m p le s ,  b e i n g  i n c l u d e d ,
6 . 2 . 2  I n t e r f e r e n c e  r e a c t i o n s
The e f f e c t s  o f  i n t e r f e r i n g  n u c l e a r  r e a c t i o n s  a r e  d e p e n d e n t  upon th e  
c o m p o s i t io n  o f  th e  m a t r i x  and n u c l e a r  p r o p e r t i e s  o f  i t s  c o n s t i t u e n t s .
These r e a c t i o n s  can be  c l a s s i f i e d  as  p r im a ry  r e a c t i o n s  w hich  a r e  d e f i n e d  as 
t h o s e  r e a c t i o n s  in d u c e d  i n  t h e  o r i g i n a l  c o n s t i t u e n t s  o f  t h e  sam p le  by th e  
m ain i r r a d i a t i o n  p a r t i c l e s ;  s e c o n d a ry  r e a c t i o n s ,  th o s e  r e a c t i o n s  in d u c e d  
by p a r t i c l e s  c r e a t e d  by n u c l e a r  r e a c t i o n s  i n  t h e  sam ple  o r  i n  i t s  e n v i r o n ­
m ents  second  o r d e r  r e a c t i o n s  a r e  th o s e  r e a c t i o n s  in d u c e d  i n  t r a n s f o r m a t i o n
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p r o d u c t s  i n  t h e  sam ple  by th e  p r im a ry  i r r a d i a t i o n  p a r t i c l e s .
I n  a c t i v a t i o n  a n a l y s i s  o f  t i s s u e  sam p les  th e  i n t e r f e r i n g  r e a c t i o n s  
w h ich  com pete  t o  p r o d u c e  t h e  same p r o d u c t  by  a  c o m b in a t io n  o f  th e r m a l  and 
f a s t  r e a c t i o n s  a r e  o n ly  a  p ro b le m  when s e v e r a l  e le m e n ts  a r e  p r e s e n t  i n  
l a r g e  q u a n t i t i e s  i n  t h e  t i s s u e  m a t r i x .
The one p o t e n t i a l l y  s e r i o u s  i n t e r f e r e n c e ,  nam ely
^ ^ A l(n ,y )^ ® A l
^® Si(n ,p )^® A l
(n ,a )^ ® A l
was i n v e s t i g a t e d .  The l a s t  two r e a c t i o n s  a r e  t h r e s h o l d  r e a c t i o n s  w i t h  Q- 
v a lu e s  o f  3 .9 5  and 9 .4 0  MeV r e s p e c t i v e l y .  The i n v e s t i g a t i o n  was c a r r i e d  
o u t  f i r s t  o f  a l l  by  i r r a d i a t i n g  a compound o f  A l ,  S i  and P . A f t e r  a l l  
th e  in d u c e d  a c t i v i t y  had  decayed  th e  sam p les  w ere  p l a c e d  i n  a  cadmium box  and 
i r r a d i a t e d  u n d e r  i d e n t i c a l  c o n d i t i o n s  ( i r r a d i a t i o n ,  w a i t i n g ,  c o u n t i n g ) .  By 
do in g  so  t h e  mass o f  P and S i  w hich  p ro d u c e s  a c t i v i t y  ( v i a  th e  f a s t  r e a c t i o n s )  
e q u i v a l e n t  t o  th e  a c t i v i t y  from  a  mass o f  Al ( v i a  th e  th e rm a l  r e a c t i o n )  was 
c a l c u l a t e d .  T a b le  ( 6 .1 )  sum m arises  t h e  r e s u l t s  o f  t h e s e  c a l c u l a t i o n s ,  
g iv in g  th e  mass o f  P and S i  e q u i v a l e n t  to  u n i t  mass o f  A l .
The s e co n d  s t e p  was to  i r r a d i a t e  a  sam p le  c o n t a i n i n g  a m ix t u r e  o f  
A l ,  S i ,  P compounds. B ow en 's  K a le  s t a n d a r d  was ch o sen  as  th e  t h r e e  e le m e n ts  
o f  i n t e r e s t  a r e  c e r t i f i e d  f o r  t h i s  r e f e r e n c e  m a t e r i a l .  I f  we l e t  X be  t h e  
p h o to p ea k  c o u n ts  c o n t r i b u t e d  by th e  ( n ,y )  r e a c t i o n  on A l and Y th e  com bined  
c o n t r i b u t i o n  f o r  th e  ( n ,P )  and ( n , a )  r e a c t i o n s .  S i m i l a r l y ,  when t h e  cadmium 
c o v e r  i s  p r e s e n t ,  th e  ( n , y )  c o n t r i b u t i o n  w i l l  be  m o d i f i e d  to  X/CR28^^
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Tab l e  6 .1  M asses o f  P and S i  G iv in g  th e  Same A c t i v i t y  as U n i t  Mass o f  Al 
f o r  ICIS I r r a d i a t i o n s
R e a c t io n E lem en t I s o t o p e U n i t  Mass A l(p g ) E q u i v a l e n t  Mass (pg) 
o f  E le m e n t
n ,Y 2?A1 28a 1 1 1
n .p 2 8 s i 28A1 1 1170
n , a 3 2 p 28A1 1 4150
(CR28^2 “  t h e  r a t i o  o f  a c t i v i t y  p r o d u c e d  i n  A l when i r r a d i a t e d  w i t h
and w i t h o u t  cadmium c o v e r ) .  W h i l s t  Y i s  unchanged  s i n c e  t h e s e  two r e a c t i o n s  
a r e  b o th  t h r e s h o l d  r e a c t i o n s  i n i t i a t e d  o n ly  by f a s t  n e u t r o n s .  Thus th e  
two s im u l ta n e o u s  e q u a t i o n s :
X + Y =
X/CRzg^i + Y = Z,
may be  s o lv e d  f o r  X and Y by th e  two i r r a d i a t i o n s  d e s c r i b e d ,  CR28AI 
b e in g  s im p ly  c a l c u l a t e d  from  th e  i r r a d i a t i o n  o f  p u r e  A l w i t h  and w i t h o u t  
cadmium c o v e r .  and Z^ a r e  th e  o b s e rv e d  c o u n ts  in  th e  ^®A1 p h o to p e a k
f o l l o w i n g  each  e x p e r im e n t .
The r a t i o  X:Y o b t a i n e d  a s  69 :31%, w e l l  w i t h i n  e x p e r i m e n t a l  e r r o r  
o f  m ea su rem e n ts .  I t  was t h e r e f o r e  c o n c lu d e d  t h a t  t h e  ^®A1 i s o t o p e  was 
n o t  e n t i r e l y  a t t r i b u t a b l e  to  th e  p r e s e n c e  o f  A l i n  th e  s a m p le . I n  
Bowen's K a le  w here  A l ,  S i  and P a r e  p r e s e n t  a t  c o n c e n t r a t i o n s  o f  3 7 .5 ,
237 and 4510 p g /g  r e s p e c t i v e l y  (Bowen 1974, 1975) w h ich  means t h a t  ^®A1
p e a k  i s  due to  65% o f  A l ,  4% o f  S i and  31% P .  Thus a c a l i b r a t i o n  f a c t o r
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f o r  Al can  be o b t a i n e d  u s in g  t h e s e  v a lu e s  combined w i th  m easu rem en ts  
made on p u r e  A l s t a n d a r d .
6 . 2 . 3  R e s u l t s
The d a t a  w ere  o b t a i n e d  from  58 p a i r s  o f  b r e a s t  t i s s u e  sam p les  o f  
m a in ly  a d e n o ca rc in o m a  c a s e s  w i t h  a  few i n t r ^ d u c t  c a rc in o m a s .  The mass o f  
th e  sam ples  r a n g e d  be tw een  4 -400  mg. The f i r s t  column o f  T a b le  ( 6 .2 )  g iv e s  
th e  e le m e n ts  d e t e c t e d  by b o t h  t h e  c o n v e n t i o n a l  s h o r t  i r r a d i a t i o n  and lo n g  
i r r a d i a t i o n  schem e. The number o f  sam p les  i n  w h ich  t h e s e  e le m e n ts  w ere  
d e t e c t e d  i s  l i s t e d  i n  t h e  se co n d  co lum n. I t  was i m p o r t a n t  t o  p r e s e n t  th e  
ran g e  o f  c o n c e n t r a t i o n s  (co lum n t h r e e )  t o  show th e  d i s p e r s i o n  o f  c o n c e n t r a t ­
i o n  be tw een  s a m p le s .  The a r i t h m e t i c  mean and  i t s  s t a n d a r d  d e v i a t i o n  a r e  
l i s t e d  i n  column f o u r .  Column f i v e  g i v e s  t h e  number o f  n o rm a l  sam p les  
w i th  a  c o n c e n t r a t i o n  above th e  d e t e c t i o n  l i m i t  f o r  t h a t  c o r r e s p o n d in g  
e le m e n t .  Columns s i x  and  se v e n  a r e  s i m i l a r  t o  t h r e e  and f o u r  r e s p e c t i v e l y .  
Whereas column e i g h t  shows th e  d e t e c t i o n  l i m i t  o f  t h e s e  e le m e n ts  f o r  a  
sam ple  o f  mass ^  120 mg.
The f re q u e n c y  h i s to g r a m s  f o r  Zn, K and Ca i n  tum our t i s s u e s  and o n ly  
th e  f r e q u e n c y  h i s t o g r a m  o f  Zn i n  n o rm a l  t i s s u e s  a r e  p l o t t e d  i n  F i g .  6 .1  
f o r  i l l u s t r a t i o n .  Due t o  t h e  w ide  d i s p e r s i o n  o f  c o n c e n t r a t i o n s  i t  was 
d i f f i c u l t  to  f i t  n o rm a l  d i s t r i b u t i o n s  t o  t h e s e  f r e q u e n c y  h i s t o g r a m s  a c c e p te d  
by t e s t .  Only th e  f r e q u e n c y  h i s t o g r a m  o f  z in c  i n  m a l ig n a n t  t i s s u e s  
d i f f e r s  a s  i t  can  be  s e e n .  A p l o t  o f  t h e  l o g a r i t h m  o f  t h e  c o n c e n t r a t i o n  
o f  z in c  a g a i n s t  th e  c u m u la t iv e  p r o b a b i l i t y  u s in g  lo g  p r o b a b i l i t y  p a p e r  
F i g .  ( 6 .2 )  g iv e s  a  s t r a i g h t  l i n e  i n d i c a t i n g  t h a t  th e  e le m e n t  z i n c  i n  b r e a s t  
tumour t i s s u e s  f o l l o w s  th e  lo g n o rm a l  d i s t r i b u t i o n .  No o t h e r  e le m e n ts  i n  
F i g .  ( 6 .2 )  p ro d u c e  a  s t r a i g h t  l i n e .
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F i g .  6 .1  F re q u e n c y  H is to g ra m s  f o r  Zn, K and Ca i n  C a n c e ro u s  B r e a s t  T i s s u e  
and Zn i n  n o n - c a n c e r o u s  T i s s u e  o f  th e  Same B r e a s t .
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F i g .  6 .2  The L o g a r i th m  o f  th e  C o n c e n t r a t i o n  o f  Rb, Zn i n
n o n - c a n c e r o u s  and Zn i n  C a n c e ro u s  B r e a s t  T i s s u e
P l o t t e d  A g a ih s t  th e  C u m u la t iv e  F re q u en c y  U s in g  L o g a r i th m s  P a p e r
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I t  was r e p o r t e d  i n  ( 5 .4 )  t h a t  non  e s s e n t i a l  e le m e n ts  f o l l o w  th e  
lo g n o rm a l  d i s t r i b u t i o n .  T h is  i s  n o t  i n  c o n t r a d i c t i o n  w i t h  t h e  f i n d i n g  
h e r e ,  a s  z in c  (a n  e s s e n t i a l  e le m e n t)  f o l l o w s  th e  n o r m a r ' d i s t r i b u t i o n  i n  
t h e  no rm a l t i s s u e  b u t  i n  c a n c e ro u s  t i s s u e  th e  m a t t e r  i s  d i f f e r e n t  a s  th e  
a c t i v i t y  and m e ta b o l i s m  i s  n o t  s i m i l a r  t o  t h a t  o f  no rm al  t i s s u e .
The a r i t h m e t i c  means i n  T ab le  ( 6 .2 )  show t h a t  t h e  d i f f e r e n c e s  i n  
th e  c o n c e n t r a t i o n  o f  t r a c e  e le m e n ts  b e tw e en  c a n c e ro u s  and non c a n c e ro u s  
b r e a s t  t i s s u e s  do e x i s t .  T h is  d i f f e r e n c e  h a s  a l s o  b e e n  shown by  Mulay 
e t  a l ,  (1971) who found  t h a t  th e y  a r e  r e l a t e d  to  a s p e c i f i c  ty p e  o f  c a n c e r  
and t h i s  s p e c i f i c a t i o n  shows t h a t  a l l  t y p e s  o f  c a n c e r s  c a n n o t  be  g ro u p ed  
u n d e r  one c a t e g o r y .  The s i g n i f i c a n c e  o f  t h e s e  d i f f e r e n c e s  (T a b le  6 . 2 )  was 
t e s t e d  by  u s in g  th e  t - t e s t .  T a b le  ( 6 .3 )  g i v e s  th e  v a lu e s  o f  t  c a l c u l a t e d
as
t  =
o / - i -  +111 n .
w h e re ,  and a r e  th e  two a r i t h m e t i c  means o f  e l e m e n t a l  c o n c e n t r a t i o n  
w i th  , Og a r e  t h e  SD o f  t h e s e  means r e s p e c t i v e l y .
aj2nj+02^n2
n j  and n£ a r e  t h e  number o f  sam ples  i n  e a c h  g ro u p .  The d e g re e  o f  f re e d o m  
and t  v a lu e s  f o r  2 , 5  and  10% l e v e l  o f  s i g n i f i c a n c e  i n  h a v in g  e r r o r  ty p e  I  
a r e  l i s t e d  f o r  e a c h  e le m e n t  found t o  f o l l o w  a no rm aT  d i s t r i b u t i o n T  '
By e x a m in in g  t h i s  t a b l e  i t  can be  s t a t e d  t h a t  Na, Zn and Rb 
c o n c e n t r a t i o n  i n  tum our t i s s u e  d i f f e r s  from  t h a t  o f  no rm a l  t i s s u e s  as  th e  
n u l l  h y p o t h e s i s  i s  r e j e c t e d  ( c o n c e n t r a t i o n  i n  tumour = c o n c e n t r a t i o n  i n  
n o rm a l)  f a c i n g  o n ly  5% r i s k  o f  r e j e c t i n g  a t r u e  h y p o t h e s i s .  T h is  i s  a l s o
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C o n c e n t r a t i ons i n C ancerous  and N o n -can ce ro u s B r e a s t
E lem ent d . f . t c ^ .0 2 ^ .0 5 t . i o
Na 93 2 .1 0  ^ 2 .36 1 .98 1 .66
Mg 20 .217 . 2 .5 2 2 .6 8 1 .72
Ca 12 1 .9 1 2 .6 8 2 .1 7 1 .7 8
K . 16 1 .11 2 .5 8 2 .1 2 1 .7 4
Fe 24 1 .2 4 2 .4 9 2 .0 6 1 .71  •
Zn 86 4 .1 0 2 .3 4 1 .9 8 1 .66
Br 99 1 .9 8 2 .3 6 1 .9 8 1 .66
Rb 39 3 .79 2 .4 2 2 .0 2  ■ i . 6 8
■ s s u e s
. 0 2
.05
. 1 0
= c a l c u l a t e d  t  v a lu e
= t  v a lu e  a t  2a = .02
= t  v a lu e  a t  2a = .05
= t  v a lu e  a t  2a = .10
when t ^ ^  ~ ^ c  “ ~ ^2a th e  n u l l  h y p o t h e s i s  (X^ -  X^ = 0) i s  r e j e c t e d  ( f a c i n g  
2a p e r c e n t  r i s k  o f  r e j e c t i n g  a t r u e  h y p o t h e s i s  and th e  a l t e r n a t i v e  h y p o t h e s i s  
(Xj Xp) i s  a c c e p te d .
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t r u e  f o r  Ca b u t  t h i s  t im e  w i t h  10% e r r o r  ty p e  I .  A l th o u g h  Mg, .;^(\d(Fe '
w ere  d e t e c t e d  more f r e q u e n t l y  i n  tum our t i s s u e ,  t h e  t  t e s t  f o r  d i f f e r e n c e  
be tw een  t h e  two a r i t h m e t i c  mean f a i l e d  t o  r e j e c t  th e  n u l l  h y p o t h e s i s .
6 .3  C o r r e l a t i o n  and R e g r e s s io n  C o e f f i c i e n t s
The dependence  and in t e r d e p e n d e n c e  b e tw e e n  th e  e le m e n ts  i n  n o rm a l  
and tum our b r e a s t  t i s s u e ,  tum our b r e a s t  t i s s u e  and h a i r  o f  t h e  same p e r s o n  
w ere  exam ined  by c a l c u l a t i n g  t h e i r  r e g r e s s i o n  and c o r r e l a t i o n  c o e f f i c i e n t s  
r e s p e c t i v e l y .
The i n t e r r e l a t i o n  w hich  i s  d e s c r i b e d  b y  th e  c o r r e l a t i o n  c o e f f i c i e n t  
i s  d e f i n e d  as
c o v a r i a n c e
x ,y  s t a n d a r d  d e v i a t i o n  x s t a n d a r d  d e v i a t i o nX y
w here  x ,y  any two d a t a  s e t  e a c h  w i t h  n  v a lu e s  and means x , y  th u s
n  _ _
I  ( x . - x  ) ( y . - y )  
i = l
x , y n  n
I  ( x . - x ) 2 .  I  ( y - - y )  
i = l  i = l
The r e s u l t s  o f  p a i r  c o r r e l a t i o n  a r e  p r e s e n t e d  i n  T a b le  ( 6 .4 ) .  I n  c a s e s  
w here  e l e m e n t a l  c o n c e n t r a t i o n  w ere  b e lo w  th e  d e t e c t i o n  l i m i t  t h e  sam ple  
was d ro p p ed  from  th e  c o r r e l a t i o n  c a l c u l a t i o n s .  The s i g n i f i c a n c e  o f  t h e s e  
c o e f f i c i e n t s  may be a s s e s s e d  by  th e  a p p ro x im a te  t e s t
t  = r  / n -2
l- r%
T h is  t e s t  i s  d e r i v e d  from  a t e s t  f o r  t h e  s i g n i f i c a n c e  o f  t h e  
c o r r e l a t i o n  b e tw e en  two sam p les  drawn from  n o rm a l  p o p u l a t i o n s .  The n u l l
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h y p o t h e s i s  t h a t  t h e r e  i s  no  c o r r e l a t i o n  i n  t h e  b i v a r i a t e  p o p u l a t i o n ,  
p = 0 ,  a g a i n s t  t h e  a l t e r n a t i v e  t h a t  p f  0 was a p p l i e d .  V a lu es  o f  
t  f o r  V d e g re e s  o f  f r e e d o m " a n d ’ th e '  c o r r e s p o n d in g  l e v e l  o f  s i g n i f i c a n c e ’ 
o f  a  p r o b a b i l i t y  o f  m ak ing  ty p e  I  s t a t i s t i c a l  e r r o r ,  nam ely  o f  r e j e c t i n g  
th e  n u l l  h y p o t h e s i s  when i t  i s ' i n  f a c t  c o r r e c t  w ere  l i s t e d  i n  T a b le  ( 6 . 4 ) .
I t  i s  o b v io u s  t h a t  t h e  c o n c e n t r a t i o n s  o f  Na and Cl i n  n o rm a l  t i s s u e  
have  th e  m ost  s t r o n g  r e l a t i o n s h i p  w i t h  t h e i r  c o n c e n t r a t i o n  i n  tum our  t i s s u e  as 
b o t h  e le m e n ts  a r e  p r e s e n t  i n  l a r g e  q u a n t i t i e s  and t h e i r  r o l e  i s  h o m e o s t a t i c .  
The r e l a t i o n  b e tw e e n  Rb and Zn i n  tum our b r e a s t  t i s s u e  i s  s t r o n g  as  t h e i r  
c o r r e l a t i o n  c o e f f i c i e n t  i s  . 8 6 .  Zn, B r ,  Cl and Cu i n  h a i r  does  n o t  c o r r e l a t e  
w i t h  t h e  v a l u e s  i n  tum our b r e a s t  t i s s u e  n e i t h e r  w i t h  n o rm a l  b r e a s t  t i s s u e .  
F i n a l l y  th e  Zn i n  n o rm a l  b r e a s t  t i s s u e  does n o t  c o r r e l a t e  w i t h  t h e  Zn c o n t e n t  
o f  tum our b r e a s t  t i s s u e ;  t h i s  r e s u l t  i s  n o t  s u r p r i s i n g  a s  t h e  Zn i n  t h e  two 
ty p e s  o f  t i s s u e s  f o l l o w s  d i f f e r e n t  d i s t r i b u t i o n s .
A l th o u g h  c o r r e l a t i o n  p r o v id e s  an e s t i m a t i o n  o f  t h e  i n t e n s i t y  o f  t h e  
a s s o c i a t i o n  o r  r e l a t i o n s h i p  be tw een  two v a r i a b l e s  found  i n  a  p o p u l a t i o n ,  
i t  i s  i m p o r t a n t  t o  know so m e th in g  o f  th e  n a t u r e  o f  t h a t  r e l a t i o n s h i p .  The 
s t r a i g h t  l i n e  w h ic h  b e s t  d e s c r i b e s  t h e  r e l a t i o n s h i p  b e tw e e n  th e  two e le m e n ts
X and y in  the p o p u l a t i o n  i s  o f  th e  fo rm :
y  = a + 3x
w here  a i s  a p a r a m e t e r  c a l l e d  th e  i n t e r c e p t  o f  t h e  l i n e .  I t  i s  th e  
v a lu e  o f  y  when x  = 0 
ft i s  a  p a r a m e t e r  c a l l e d  th e  r e g r e s s i o n  c o e f f i c i e n t  o r  t h e  g r a d i e n t  
w hich  m e a s u re s  t h e  s lo p e  o f  t h e  l i n e  i . e .  th e  change i n  y  p e r  u n i t  
i n c r e a s e  i n  x
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T a b le  6 .4  C o r r e l a t i o n  C o e f f i c i e n t s  ( r )  o f  P a i r s  o f  E le m e n ts  w i th  
t h e  T e s t  o f  T h e i r  S i g n i f i c a n c e :  T = Tumour, N = N orm al, 
H = H a i r
■ E le m e n ts d f r t a - l e v e l
R b(T ) /Z n (T ) 29 .86 8 .7 5 .01
Rb(N )/Zn(N ) 29 .79 3 .1 4 .02
C a (T ) /Z n (T ) 11 - . 3 8 1 .3 6 .2 0
R b(T )/K (T ) - .0 8 - -
Z n(N )/Z n(T ) 23 .32 1 .5 5 .2 0
Zn(H )/Z n(T ) 21 .3 1 .3 7 .1 0
C u(H )/Z n(T ) 21 - . 4 0 1 .9 0 .2 0
M g(T)/Rb(T) 20 .33 1 .4 8 .01
B r (H ) /B r(T ) 20 .19 .82 .2 0
B r(N ) /B r(T ) 32 .48 2 .9 9 .01
C£(H )/C £(T) 22 .21 .96 .2 0
CA(N)/CA(T) 27 .85 8 .0 6 .01
N a(N )/N a(T ) 27 .79 5 .2 5 .01
N a(T ) /C £(T ) 27 .99 3 5 .09 .01
Na(N)/C£(N) 27 .66 4 .3 9 .01
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Z ( x . - x )  ( y . - y )
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ï ( x . - x ) 2
F i g .  ( 6 .3 )  shows th e  r e g r e s s i o n  l i n e  o f  Rb' on Zn, Cu i n  h a i r  on Zn,
Zn i n  n o rm a l  t i s s u e  on Zn i n  tum our b r e a s t  t i s s u e  and Na i n  n o rm a l  b r e a s t  
t i s s u e  on Na i n  tum our b r e a t  t i s s u e .
I t  i s  n o t  r e l i a b l e  t o  ju d g e  on t h i s  r e l a t i o n s h i p  by  l o o k in g  a t  t h e  
f i t t e d  s t r a i g h t  l i n e .  Hence a  c o e f f i c i e n t  b a s e d  on th e  v a l u e  o f  f i t t i n g  
s h o u ld  be  d e r i v e d  t o  e s t i m a t e  t h e  g oodness  o f  f i t .  T h is  c o e f f i c i e n t  i s  
t h e  c o e f f i c i e n t  o f  d e t e r m i n a t i o n  (r%) c o n f u t e d  by t a k i n g  th e  r a t i o  o f  t h e  
sum o f  s q u a re s  a s s o c i a t e d  w i t h  t h e  r e g r e s s i o n  to  t h e  t o t a l  sum o f  s q u a r e s  
o f  th e  v a r i a b l e .  These  v a l u e s  w e re  g iv e n  by  th e  s u b r o u t i n e  u s e d  t o  
c o n s t r u c t  t h e  r e g r e s s i o n  l i n e .  I t  i s  o b v io u s  t h a t  r ^  m u st  a lw ays  b e  b e tw e en  
z e ro  and  o n e .  I'/hen a l l  t h e  p o i n t s  a r e  c l o s e  to  t h e  l i n e ,  r ^  w i l l  b e  c l o s e  to  
o n e ,  b u t  a s  th e  s c a t t e r  o f  t h e  p o i n t s  becomes g r e a t e r ,  r ^  w i l l  become s m a l l e r .  
I n  t h i s  way, i t  i s  a  m ea su re  o f  t h e  s t r e n g t h  o f  th e  r e l a t i o n s h i p .  T a b le  ( 6 .5 )  
g iv e s  th e  v a lu e  o f  r^  f o r  a  c o m b in a t io n  o f  v a r i a b l e s  i n  b o t h  n o r m a l ,  tum our 
b r e a s t  t i s s u e  and h a i r .  The s t a n d a r d  e r r o r  i n  t h e  r e g r e s s i o n  o f  x  and  y  a r e  
a l s o  g iv e n  i n  t h i s  t a b l e .  From t h i s  t a b l e  i t  can be  s e e n  t h a t  o n ly  C1(N )/C1(T) 
R b (T ) /Z n (T ) ,  N a (T ) /C l(T )  and N a(N )/N a(T ) have  a s t r o n g  d e p e n d e n c e ,  w h i l e  t h e  
o t h e r  e le m e n ts  do h o t .
6 .4  D i s c u s s io n
-----------A - b a s ic  p ro b le m  i n  t h e  s t u d y - o f  t r a c e  e le m e n ts  i n  r e l a t i o n  t o  d i s e a s e
s t a t e s  i s  th e  d e f i n i t i o n  o f  n o rm a l  b a s e l i n e  c o n c e n t r a t i o n .  T i p to n  (1960)  
shows t h a t  t r a c e  e le m e n t  c o n c e n t r a t i o n s  i n  h e a l t h y  t i s s u e  may v a r y  c o n s i ­
d e r a b ly  from  one i n d i v i d u a l  to  a n o t h e r .  To overcome t h i s  p ro b le m  p a i r e d  
sam ples  o f  c a n c e ro u s  and n o n - c a n c e ro u s  t i s s u e s  from  th e  same i n d i v i d u a l  w ere  
c o l l e c t e d .  T h is  p r o c e d u r e  w i l l  a v o id  v a r i a t i o n s  due to  d i f f e r e n c e s  i n  a g e .
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T a b le  6 .5  R e g r e s s io n  C o e f f i c i e n t s  (3) w i t h  t h e  C o e f f i c i e n t s  o f  
D e t e r m in a t io n  ( r ^ )  o f  3 and th e  S ta n d a r d  E r r o r  on 3 
T = Tumour, N = N orm al, H = H a i r
E le m e n ts 3 S ta n d a r d  e r r o r r2
R b (T ) /Z n (T ) 2 .6 1 .29 .74
Rb(N )/Zn(N ) 2 .5 9 .82 .62
C a (T ) /Z n (T ) - . 0 0 4 .003 .14-
R b(T )/K (T ) 9 4 .2 348 .01
Z n (n ) /Z n (T ) .25 .15 .1 0
Z n(H )/Z n(T ) .40 .29 .0 8
C u(H )/Z n(T ) - 1 .7 5 .91 .16
M g(T)/Rb(T) .009 : .006 .11
B r (H ) /B r(T ) .1 3 .14 .04
B r(N ) /B r(T ) .34 : . n .2 4
C & ( H ) / c & ( T ) .0 3 .0 3 .04
C & ( N ) / c & ( T ) .49 .06 .72
N a(N )/N a(T ) .45 .07 .6 2
N a(T ) /C £(T ) 1 .36 .04 .97
N a ( N ) / c £ ( N ) .29 .06 .4 4
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d i e t  and o t h e r  g e n e t i c  and e n v i r o n m e n ta l  f a c t o r s .
The r o l e  o f  t h e s e  e le m e n ts  i n  c a n c e r  i s  unknown, F u r s t  (1960) has  
s u g g e s t e d  t h a t  p e rh a p s  t r a c e  e le m e n ts  advance  o r  r e t a r d  th e  k i n e t i c s  
o f  a n a b o l i c  o r  c a t a b o l i c  enzym es . O th e r  w o rk e rs  r e l a t e d  (Legon 1952) th e  
i n c i d e n t  o f  c a n c e r  to  e n v iro n m e n t  and s o i l  b u t  Kawnsaw e t  a l .  (1969) 
exposed  e x p e r i m e n t a l  a n im a ls  t o  a  c o n t in u o u s  l e v e l  o f  t r a c e  e le m e n ts  and 
f a i l e d  i n  d e t e c t i n g  any i n c r e a s e  o f  c a n c e r .
I n  t h e  p r e s e n t  work c a n c e ro u s  and  n o n - c a n c e ro u s  b r e a s t  t i s s u e s  w ere  
a n a ly s e d  f o r  11 e le m e n ts  u s in g  INAA. The p a i r e d  d a t a  show s i g n i f i c a n t  
d i f f e r e n c e s  i n  t r a c e  e le m e n ts  c o n c e n t r a t i o n  b e tw e en  c a n c e r o u s  and n o n - c a n c e ro u s  
t i s s u e  ( 6 .2  and  6 . 3 ) .  The d e t e c t e d  e le m e n ts  a r e  d i s c u s s e d  a s  f o l l o w s :
Magnesium: The c o n c e n t r a t i o n  o f  m agnesium  i n  tum our t i s s u e  was g r e a t e r
th a n  n o rm a l  t i s s u e .  The l a r g e r  a r i t h m e t i c  mean v a lu e  i n  T a b le  6 . 2  i s  a  
r e s u l t  o f  d e t e c t i n g  Mg i n  two n o rm a l  s a n p le s  o n l y .  S e l t z e r  (1970) r e p o r t e d  
an i n c r e a s e  o f  Mg c o n c e n t r a t i o n  i n  human b r e a s t  c a n c e r  w i t h  h i g h  s i g n i f i c a n c e .  
Mulay e t  a l .  (1971) and S c h w a r tz  e t  a l .  (1974) r e p o r t e d  s i m i l a r  r e s u l t s  i n  
b r e a s t  c a n c e r ,  b u t  th e  serum  c o n c e n t r a t i o n  o f  t h i s  e le m e n t  i n  M ulay*s 
work was n o t  a b n o rm a l .  However, De J o r g e  e t  a l .  (1965) found  n o rm a l  
l e v e l s  o f  t i s s u e  magnesium i n  marranary c a n c e r .
P o ta s s iu m :  I t  was found  t h a t  a  l a r g e r  number o f  tum our b r e a s t  t i s s u e s  have
p o ta s s iu m  above th e  d e t e c t i o n  l i m i t  th a n  n o rm a l  b r e a s t  t i s s u e s .  The
i n c r e a s e d  p o t a s s i u m  c o n t e n t  o f  tum our t i s s u e  h a d  b e e n  r e p o r t e d  by  D a n ie l s o n  
e t  a l .  (1970) and o t h e r s .  T h is  may s im p ly  be  a  r e f l e c t i o n  o f  t h e  l a r g e l y  
i n t r a c e l l u l a r  l o c a t i o n  o f  p o t a s s iu m  i n  n o rm a l t i s s u e s  and th e  h i g h l y  c e l l u l a r  
n a t u r e  o f  m a l ig n a n c y .
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I r o n :  The c o n c e n t r a t i o n  o f  i r o n  i n  c a n c e ro u s  b r e a s t  t i s s u e s  was h i g h e r
th a n  i t s  n o rm a l  c o u n t e r p a r t .  H ig h e r  i r o n  c o n c e n t r a t i o n  i n  tum ours was 
r e p o r t e d  by o t h e r  w o r k e r s .  How ever, S a n l o t i q u i d o  e t  a l .  (1976) r e p o r t e d  
u s in g  th e  a to m ic  a b s o r p t i o n  m ethod  f o r  a n a l y s i n g  d ry  and w e t  p a i r s  o f  
sam ples  t h a t  t h e  l e v e l  o f  s i g n i f i c a n c e  f o r  d ry  sam ples  i s  .0 1  w h ereas  
t h i s  l e v e l  i s  ,2  f o r  w e t  s a m p le s .
B rom ine , C a lc iu m , Sodium and C h l o r i n e :  The c o n c e n t r a t i o n  o f  t h e s e  e le m e n ts
was h i g h e r  i n  c a n c e ro u s  th a n  n o n -  c a n c e ro u s  t i s s u e s  by  a  f a c t o r  o f  1 .5  f o r  
B r ,  Na and  C l ,  w h e reas  t h i s  f a c t o r  goes  up t o  6 f o r  Ca. The h ig h  i n c r e a s e  i n  
c a lc iu m  c o n c e n t r a t i o n  i n  tum our b r e a s t  t i s s u e s  i s  p r o b a b l y  due to  t h e  
c a l c i f i c a t i o n  o f  t h i s  t i s s u e s .
C o b a l t :  The c o n c e n t r a t i o n s  o f  c o b a l t  does n o t  d i f f e r  s i g n i f i c a n t l y
b e tw een  c a n c e r o u s  and n o n - c a n c e ro u s  b r e a s t  t i s s u e s .  S i m i l a r l y ,  c o b a l t  
c o n c e n t r a t i o n  i n  O s te o g e n ic  sa rco m as  (S c h w a r tz  1975) a r e  n o t  s i g n i f i c a n t l y  
d i f f e r e n t  from  t h o s e  o f  n o rm a l  b o n e .
A lum inium : The a lum in ium  was d e t e c t e d  i n  72% o f  th e  c a n c e ro u s  b r e a s t  t i s s u e s
b u t  o n ly  i n  20% o f  n o rm a l  s a m p le s .  The c o n c e n t r a t i o n  i n  c a n c e ro u s  tum our 
t i s s u e s  was g r e a t e r  th a n  t h a t  f o r  t h e  n o rm a l  s a m p le s .  The e s s e n t i a l i t y  o f  
t h i s  e le m e n t  i s  u n d e r  s t u d y .
R ubid ium : Rubidium  r e s e m b le s  p o t a s s i u m  i n  i t s  p a t t e r n  o f  d i s t r i b u t i o n  and
e x c r e t i o n  i n  th e  an im a l  body (Underwood 1971) b u t  t h e r e  i s  no  e v id e n c e  as  
y e t  o f  i t s  e s s e n t i a l i t y .  I t  was fou n d  t h a t  t h e  c o n c e n t r a t i o n  o f  t h i s  
e le m e n t  i n  c a n c e ro u s  b r e a s t  t i s s u e s  i s  g r e a t e r  th a n  t h a t  f o r  t h e  n o n - c a n c e r o u s  
c o u n t e r p a r t ,  a l s o  t h a t  more c a n c e ro u s  sa m p le s  had  v a lu e s  f o r  Rb above th e  
d e t e c t i o n  l i m i t  th a n  n o n - c a n c e ro u s  s a m p le s .  The r e s u l t s  shown i n  F i g .  ( 6 .3 )  
and th e  c o r r e l a t i o n  c o e f f i c i e n t s  s u g g e s t  t h a t  some k i n d  o f  dependence  e x i s t s
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b e tw een  Zn and Rb i n  tum our t i s s u e s ,  w h e re as  su c h  a  c o r r e l a t i o n  does  
n o t  e x i s t  b e tw e e n  Rb and Mg o r  Rb and K i n  t h e s e  t i s s u e s .
Z in c :  S i m i l a r  t o  t h e  f i n d i n g s ,  h e r e  many o t h e r  a u t h o r s  (M ualy , 1971,
SchuiacJj^ 1 974 , S a n t o l i q u i d o  1976) r e p o r t e d  i n c r e a s e d  z i n c  c o n c e n t r a t i o n s  
i n  b r e a s t  c a n c e r  conq)ared to  no rm a l  b r e a s t  t i s s u e s .  C o n c e n t r a t i o n s  o f  t h i s  
e le m e n t  i n  t h e  b l o o d ,  serum  and t i s s u e  o f  c a n c e r  p a t i e n t s  h a v e  b e e n  v a r i a b l e  
(V a lb e rg  e t  a l .  1966 , F i s h e r  e t  a l .  1 9 7 6 ) .  The e x a c t  r o l e  o f  z i n c  i s  
unknown, b u t  an i m p o r t a n t  c o n s i d e r a t i o n  f o r  c a n c e r  p a t i e n t s  i s  t h e  o b s e r v a t ­
io n  by  H rg o v ic  e t  a l .  (1973) t h a t  t h e r e  i s  d e la y e d  h e a l i n g  i n  p a t i e n t s  
w i t h  z in c  d e f i c i e n c y .
F o r  a l l  t h e s e  e le m e n ts  no r e l a t i o n  was fou n d  b e tw e en  t h e i r  c o n c e n t r a t ­
io n  i n  e i t h e r  c a n c e r o u s  o r  n o n - c a n c e ro u s  b r e a s t  t i s s u e  and  h a i r  sa m p le s  
c o l l e c t e d  from  t h e  same p a t i e n t s  ( F ig .  6 . 3 ) .  T h is  w i l l  s u g g e s t  t h a t  th e  
c o n c e n t r a t i o n  o f  t h o s e  e le m e n ts  s t u d i e d  h e r e  i n  h a i r  sa m p le s  can  n o t  be  
c o n s id e r e d  a s  an i n d e x  o f  th e  c o n c e n t r a t i o n  o f  t h e  same e le m e n ts  i n  c a n c e r o u s  
o r  n o n - c a n c e ro u s  b r e a s t  t i s s u e s .
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CHAPTER 7
MICROSCOPIC AND MICROANALYSIS' STUDIES OF'HUMAN BREAST TISSUES ’
To t e s t  t h e  u s e f u l n e s s  o f  th e  X -ra y  m i c r o a n a l y s i s  t e c h n i q u e ,  w i t h  
e l e c t r o n  m ic ro sc o p y  i n  g e n e r a l ,  a s  a m ethod  o f  a n a l y s i s  t o  b e  u s e d  
c o n c u r r e n t l y  w i t h  INAA f o r  s a n g l e s  o f  b i o l o g i c a l  (human) m a t e r i a l ,  b r e a s t  
t i s s u e s  w i t h  t h e i r  m i c r o c a l c i f i c a t i o n s  w i l l  be  exam ined  h e r e .  B u t b e f o r e  
so  d o in g  i t  w ou ld  b e  o f  h e l p  t o  know th e  a n a to n y  o f  th e  b r e a s t .  T h is  can  
be  found  i n  anatom y te x tb o o k s  b u t  t h e  f o l l o w i n g  d e s c r i p t i o n  i s  sum m arised  
from  d e l  R e g a ta  ( 1 9 7 7 ) .
The b r e a s t ,  a  mammary g l a n d ,  a p p e a r s  a s  a h e m is p h e re  w i t h  a  c e n t r a l  
c i r c u l a r  a r e a  o f  p ig m e n te d  s k i n ,  th e  a n C o la , and a s a l i e n t  p a p i l l a ,  t h e  
n i p p l e .  Each  b r e a s t  i s  made up o f  tw e lv e  t o  tw en ty  g l a n d u l a r  lo b e s  w i t h  a 
r a m i f i e d  d u c t  e n c a s e d  i n  a l a y e r  o f  f a t  t h a t  a l lo w s  i t s  movement o v e r  t h e  
p e c t o r a l  m u s c l e .  F i g .  ( 7 . 1 ) .  •
F i g .  7 .1  S e c t i o n  o f  n o rm a l  
b r e a s t  s h o w in g ,  1, 
mammary g l a n d ;  2 ,  
re trom am m ary  f a t ;
3 ,  s u p e r f i c i a l  f a t ;
4 ,  f i b r o u s  s e p t a  
c a l l e d  C o o p e r ’ s l i g a ­
m e n ts ;  5 ,  f a t .
&
-  155 -
The convex  s u r f a c e  h a s  deep a t t a c h m e n ts  o f  f i b r o u s  s e p t a  t h a t  ru n  b e tw e en  
th e  s u p e r f i c i a l  and th e  deep f a s c i a .  The s u p e r f i c i a l  f a s c i a  i s  a t t a c h e d  
t o  t h e  s k i n .  The mammary d u c t  t r a v e l s  t o r t u o u s l y  to w ard s  t h e  n i p p l e  
e x p a n d in g  to  fo rm  t h e  a m p u l la e  and e n d in g  i n  s m a l l  o p e n in g s  i n  t h e  n i p p l e ;  
th e y  a r e  form ed by  two l a y e r s  o f  c o n n e c t iv e  t i s s u e .  The l a c t i f e r o u s  d u c ts  
a r e  l i n e d  by co lum nar  e p i t h e l i u m , j  th e  c e l l s  o f  t h e  t e r m i n a l  d u c t s  a r e  
b u b o id a l  i n  s h a p e .
I f  we exam ine t h e  b r e a s t  t i s s u e  by  h i g h  r e s o l u t i o n  e l e c t r o n  m ic r o ­
scope  two ty p e s  o f  s t r u c t u r e  c an  be  r e c o g n i s e d  a p a r t  f rom  f a t  t i s s u e .  The 
h ig h  d en se  c o l l a g e n  f i b r e s  a s  c an  be s e e n  i n  F i g .  ( 7 .2 )  a r e  one o f  t h e  
m ain  c o n s t i t u e n t s  o f  b r e a s t  t i s s u e  and  th e  d u c t  t i s s u e  w h ich  i s  s u r r o u n d e d  
by w e l l  d i f f e r e n t i a t e d  e p i t h e l i a l  c e l l s .
7 .2  Methods o f  B r e a s t  A b n o rm a l i ty  D ia g n o s is
The b r e a s t  as any o t h e r  o rg a n  i n  t h e  body i s  s u b j e c t  t o  a c u te  o r  
c h r o n ic  d i s e a s e s  and c a n c e r  i s  one o f  t h e  m ost  im p o r t a n t  o n e .  E p id e m io -  
l i g i c a l  s t u d i e s  o f  b r e a s t  c a n c e r  a r e  g iv e n  by L e v in  (1976) and Sh im kin  (1973)
B r e a s t  c a n c e r  i s  d i v i d e d  i n t o  d i f f e r e n t  h i s t o l o g i c a l  t y p e s .  Idhen 
th e s e  ty p e s  a r e  i d e n t i f i e d ,  th e y  may o f f e r  a b a s i s  f o r  p r e d i c t i n g  th e  
p r o b a b i l i t y  o f  m é t a s t a s é s  f o r  th e  c h o ic e  o f  t r e a t m e n t ,  and f o r  t h e  p r o g n o s i s .  
F u r th e r m o r e ,  t h e  c h o ic e  o f  t h e r a p y  w i l l  depend on th e  a p p r o p r i a t e  s t a g i n g  
o f  th e  tumour i n  i n d i v i d u a l  p a t i e n t s .  A number o f  sy s te m s  h av e  b e e n  u s e d  
f o r  b r e a s t  c a n c e r  s t a g i n g .  The m ost w id e ly  a c c e p te d  one i s  t h e  s o - c a l l e d  
TNM sy s te m  w here  T i s  t h e  c l i n i c a l  e x t e n s i o n  o f  th e  p r im a ry  tu m o u r ,  N i s  
th e  c l i n i c a l  a p p e a r a n c e  o f  th e  a d e n o p a th y  and M i s  th e  e x i s t e n c e  o r  n o t  o f  
d i s t a n t  m é t a s t a s é s .  Each c a t e g o r y  i s  s u b d iv id e d  i n t o  T ^ , T ^ . . . ,  N^,
Mq , Mj . . .  e t c ,  (D enoix  197 0 ) .
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F i g .  7 . 2  E l e c t r o n  m i c r o g r a p h  o f  b r e a s t  t i s s u e  sh ow ing  i t s  m ai n  
c o n s t i t u e n t s  1) A d u c t  s u r r o u n d e d  by n u c l e u s  o f  
e p i t h e l i a l  c e l l s .  2) S h o r t  p r o f i l e  o f  g r a n u l a r  e n d o ­
p l a s m i c  r e t i c u l u m  (x 7000)
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I t  was p ro v e n  t h a t  t h e  e a r l y  d i a g n o s i s  o f  b re^ ç t  c a n c e r  by mass 
s c r e e n i n g  w i l l  low er  t h e  d e a th  r a t e  f o r  b r e a s t  c a n c e r  ( S t r a x  1 9 7 6 ) .
V a r io u s  advanced  t e c h n i c a l  m ethods a r e  c o n t r i b u t i n g  to  t h i s  e a r l y  
d e t e c t i o n .  T h e i r  r o l e  i n  t h e  d i a g n o s i s  o f  b r e a s t  c a n c e r  i n  t h e  a b s e n c e  o f  
any p h y s i c a l  f i n d i n g s  i s  a g r e a t  h e lp  i n  t h e  management o f  t h i s  d i s e a s e .
These m ethods a r e :
Mammography : The s o f t  X -ra y  e x a m in a t io n  o f  th e  b r e a s t  t i s s u e  h a s  made a
l a r g e  c o n t r i b u t i o n  i n  d e t e c t i n g  m a l ig n a n t  b r e a s t  n e o p la sm  lo n g  b e f o r e  i t  
form s a mass ( G a l l a g e r  e t  a l .  1 9 7 1 ) .  The p h y s i c a l  a s p e c t s  o f  b r e a s t  r a d i o ­
g rap h y  w ere  re v ie w e d  by S t a n to n  e t  a l .  (1 9 6 3 ) .  Many a u th o r s  had  d i s c u s s e d  
th e  r o l e  o f  mammography i n  b r e a s t  c a n c e r  d i a g n o s i s  and th e  mammography 
p a t t e r n s  (Egan e t  a l .  ( 1 9 7 7 ) ,  M a r t in  e t  a l .  ( 1 9 7 1 ) ) .  T here  a r e  two ways 
i n  w hich  X -ra y s  can be  u se d  to  s tu d y  th e  b r e a s t ,  a )  By i n j e c t i n g  an opaque 
medium i n t o  th e  d u c t  sy s te m  and c a r r y  o u t  t h e  X -ra y  s tu d y .  However, th e  
d i f f i c u l t y  i n  i n j e c t i n g  th e  mammary d u c t s ,  h a s  k e p t  m ost o f  t h e  p h y s i c i a n s  
from  t a k i n g  up t h i s  m ethod , b e s i d e s ,  i n f o r m a t i o n  g iv e n  by t h e  r a d i o g r a p h y  
o f  i n j e c t e d  d u c ts  i s  n o t  o f  d e c i s i v e  d i a g n o s t i c  s i g n i f i c a n c e .  T h is  gave  way to  
th e  o t h e r  m ethod o f  r a d io g r a p h y  t h a t  i s :  b )  S o f t  X -ray  s t u d i e s  o f  t h e  b r e a s t
t i s s u e  by means o f  t h e i r  mammographs. I n  g e n e r a l ,  t h e  im ages o f  d i a g n o s t i c  
s i g n i f i c a n c e  i n  mammograms a r e  o f  two ty p e s  (H aagensen  197 7 ) .  A re a s  o f  
i n c r e a s e d  d e n s i t y  w i t h  c h a r a c t e r i s t i c  s h a p e s  and f o c i  o f  c a l c i f i c a t i o n s .
A g r e a t  v a r i e t y  o f  c a l c i f i c a t i o n s  a r e  r e v e a l e d  i n  t h e  b r e a s t  F i g .  ( 7 .3 )  
w i th  th e  m ost s i g n i f i c a n t  b e in g  th e  so  c a l l e d  m i c r o c a l c i f i c a t i o n  w h ich  . 
w i l l  be  s t u d i e d  i n  t h i s  c h a p t e r .
X e r o r a d io g r a p h y : W olfe (1971) has  c la im e d  t h a t  x e r o r a d io g r a p h y  o f  t h e  b r e a s t
u s in g  a s e le n iu m  p l a t e ,  h a s  s e v e r a l  a d v a n ta g e s  o v e r  mammography w i t h  X -ray
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f i l m .  The m ethod r e q u i r e s  o n ly  40 p e r c e n t  o f  th e  r a d i a t i o n  n e c e s s a r y  
f o r  c o n v e n t i o n a l  mammograms and p r o v id e s  an image o f  a l l  b r e a s t  s t r u c t u r e s  
w i t h  h i g h  d e g re e  o f  c o n t r a s t .
Therm ography: Therm ography a s  a  d i a g n o s t i c  t o o l  i s  n o t  a s  p o p u l a r  as  
mammography. Lawson (1956) and W il l ia m s  e t  a l .  (1960) w ere  t h e  f i r s t  t o  
a t t e m p t  t o  i d e n t i f y  d i s e a s e  i n  t h e  b r e a s t  by  means o f  i n f r a r e d  r a d i a t i o n .  
Harberm an (1968) u se d  th e  m ethod  f o r  mass s c r e e n i n g  and r e p o r t e d  a 
s e n s i t i v i t y  r a t e  o f  86.7% w h ich  w a r r a n t s  c o n s i d e r a t i o n  o f  th e rm o g rap h y  as 
a  s c r e e n i n g  t o o l .
I s o t o p e  S t u d i e s :  S t u d i e s  o f  b r e a s t  c a rc in o m a  h a v e  b e e n  made w i t h  s e v e r a l
r a d i o a c t i v e  i s o t o p e s ,  w i t h  th e  hope o f  d e m o n s t r a t in g  t h e i r  c o n c e n t r a t i o n  
i n  tum our t i s s u e .  The u p ta k e  o f  r a d i o a c t i v e  p h o s p h o re s  i n  a  v a r i e t y  o f  
b r e a s t  t i s s u e s  had  b e e n  t r i e d  by Low-Beer e t  a l .  ( 1 9 4 6 ) ,  b u t  no d i f f e r e n c e s  
o f  d i a g n o s t i c  s i g n i f i c a n c e  had  b e e n  shown. However r e c e n t l y  C. de B e u g le t  
e t  a l .  (1976) and S e r a f i n i  e t  a l .  (1975) u s e d  ^^Tc™-- p o ly p h o s p h a te  and  S^Tc™ 
d ip h o s p h a n a te  in^ e v a l u a t i o n  o f  p a t i e n t s  s u s p e c t e d  o f  h a v in g  b r e a s t  c a n c e r .  
T h e i r  f i n d i n g s  show t h a t  b o th  l a b e l l e d  ^^Tc^ a g e n ts  c o n c e n t r a t e  i n  
tum ours  o f  t h e  b r e a s t .  The t e c h n iq u e  i s  a b l e  to  d e m o n s t r a te  an  u n d e r l y i n g  
d i s o r d e r  o f  t h e  b r e a s t  b u t  n o t  s u f f i c i e n t l y  s p e c i f i c  t o  a l lo w  d i f f e r e n t i a t ­
io n  o f  b e n ig n  f rom  m a l ig n a n t  l e s i o n s .  Due t o  th e  r e l a t i v e l y  p o o r  r e s o l u t i o n  
o f  c u r r e n t l y  a v a i l a b l e  r a d i o n u c l i d e  s c a n n in g  i n s t r u m e n t s  t h i s  m ethod  h a s  
no  s u p e r i o r i t y  on mammography o r  th e rm o g ra p h y .  N e v e r t h e l e s s ,  t h e  m echanism  
o f  l o c a l i z a t i o n  o f  a g e n t s  i n  l e s i o n s  o f  t h e  b r e a s t  i s  w o r th  i n v e s t i g a t i n g .
7 . 3  SEM o f  B r e a s t  T i s s u e
D u rin g  t h e  l a s t  few y e a r s ,  t h e  SEM w hich  had  b e e n  p r i m a r i l y  a  t o o l  
f o r  th e  g e o l o g i s t  and m e t a l l u r g i s t ,  a l s o  became more a p p l i c a b l e  to  th e
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e x a m in a t io n  o f  b i o l o g i c a l  m a t e r i a l s .  Review a r t i c l e s  on t h i s  s u b j e c t  
have  b een  w r i t t e n  by i n v e s t i g a t o r s  who had  u se d  th e  SEM f o r  b i o l o g i c a l  
a p p l i c a t i o n s  f o r  some y e a r s  ( e . g .  Boyed and Wood 1 9 6 9 ) .  E f f o r t s  a l s o  w ere  
made to  u se  t h e  SEM as an  e x t e n s i o n  o f  t h e  l i g h t  o p t i c a l  m ic ro s c o p e  i . e .  t h e  
s u p e r i o r  r e s o l v i n g  pow er and d e p th  o f  f o c u s  o f  e l e c t r o n  o p t i c a l  l e n s e s  were 
u s e d  to  g a in  more i n f o r m a t i o n  from  m icro tom e s e c t i o n s  w h ic h  h a d  b e e n  lo a d e d  
on c o v e r  s l i p s .  The r e s u l t s  o b t a i n e d  by  re e x a m in in g  s e c t i o n s  from  p a r a f f i n  
embedded t i s s u e  p r e p a r e d  f o r  h i s t o l o g i c a l  and  p a t h o l o g i c a l  s t u d i e s  u s i n g  
t h e  SEM a re  g iv e n  h e r e .  F o r  m ost  o f  t h e  work on SEM a  c a r e f u l  c o n t r o l l e d  
f i x a t i o n  and d e h y d r a t io n  p r o c e s s ,  f o l l o w e d  by c r i t i c a l  p o i n t  d r y in g  o r  
f r e e z e  d r y in g  i s  n e c e s s a r y .  How ever, i f  t h e  u s e  o f  SEM f o r  d i a g n o s t i c  
a p p l i c a t i o n s  i s  to  be  c o n s i d e r e d ,  th e  t i s s u e s  and m ethods s h o u ld  be  t h e  one 
more l i k e l y  a v a i l a b l e  to  a l l  p a t h o l o g i s t s  i . e .  a  s t a n d a r d  f o r m a l i n  f i x e d  
t i s s u e  i s  d e h y d ra te d  and embedded i n  p a r a f f i n ,  s e c t i o n s  c u t  ab.out s i x  m ic ro ­
m e te r s  t h i c k  p l a c e d  on an  a p p r o p r i a t e  h o l d in g  m a t e r i a l  ( p e r s p e x  h o l d e r ) , 
d e p a r a f f i n i z e d ,  d r i e d ,  c o a te d  and th e n  exam ined  i n  th e  SEM. The s u r f a c e  
m orphology o f  b r e a s t  t i s s u e s  p r e p a r e d  by such  a  s t a n d a r d  m ethod a r e  im aged 
F i g .  (7 .4 )  u s in g  th e  Cambridge MK I I  s t e r e o s c o p e  w i t h  i t s  s u p e r i o r  r e s o l u t i o n  
o v e r  th e  o r d i n a r y  s c a n n in g  e l e c t r o n  m ic r o s c o p e .  F i g .  ( 7 .5 )  i s  a  m a g n i f i c a t ­
io n  o f  a  s e l e c t e d  a r e a  t a k e n  from F i g .  ( 7 .4 )  t o  show more d e t a i l  o f  t h e  
s u r f a c e  m orphology o f  a  d u c t  r e g i o n  i n  human b r e a s t  t i s s u e .  H ow ever, 
a l t h o u g h  good r e s o l u t i o n  can  be  o b t a i n e d  u s in g  a SEM, th e  m a jo r  p ro b le m  i s  
m aking u s e  o f  t h e  i n f o r m a t i o n  a v a i l a b l e  i n  t h e  SEM by c o r r e l a t i n g  s t r u c t u r e s  
s e e n  i n  s e c o n d a ry  e l e c t r o n  im ag ing  and t h o s e  f a m i l i a r  i n  h i s t o l o g y .  N ev e r­
t h e l e s s ,  t h i s  i n f o r m a t io n  becomes v a l u a b l e  .o n ly  i f  th e  c o r r e l a t i o n  b e tw e e n  
l i g h t  m ic ro sc o p e  a p p e a ra n c e  and t h e  SEM image i s  found  and t a u g h t  t o  t h e  
p a t h o l o g i s t ,  th e n  a d i a g n o s i s  b a s e d  on s u r f a c e  m orphology  can  b e  e s t a b l i s h e d .
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F i g .  7 . 3  X - r a y  manmograph o f
a b r e a s t  w i t h  c l u s t e r s  
o f  m i c r o c a l c i f i c a t i o n  
l o c a t e d  b e h i n d  t h e  n i p p l e
%
F i g .  7 . 4  S e c o n d a ry  e l e c t r o n  image
t a k e n  by t h e  C am bridge  MK I I  
s t e r e o  s c a n  o f  b r e a s t  t i s s u e  
p r e p a r e d  by r o u t i n e  method 
(x 420)
F i g .  7 . 5  S e c o n d a r y  e l e c t r o n  image t a k e n  
a s  i n  ( F i g .  7 . 4 )  o f  a d u c t  
r e g i o n  i n  a woman’ s b r e a s t  
t i s s u e  
(X 1700)
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such  c o r r e l a t i o n  s t u d i e s  have  b een  done i n  some a r e a s  e . g .  b lo o d  
( G e i s s i n g e r  1971, B a rk e r  1972 , F r e d e r i c k s o n  e t  a l .  1978) and a r e  s t i l l  
a b s o l u t e l y  n e c e s s a r y  f o r  a l l  t h e  body o r g a n s .  Sam ples o f  b r e a s t  t i s s u e s  
w i t h  d i f f e r e n t  h i s t o l o g i c a l  a p p e a ra n c e  w ere  c h o s e n  t o  be  p r e s e n t e d  by 
t h e i r  SEM image ( 7 . 6 ) .  The d i f f e r e n c e  i n  s u r f a c e  m orphology  f o r  t h e  two 
ty p e s  o f  sam p les  p r e s e n t e d  h e r e  can  b e  r e l a t e d  t o  t h e i r  p a t h o l o g i c a l  s t a t e .  
Thus, s u r f a c e  m orphology  changes  from  ty p e  t o  ty p e  t h e s e  c hanges  i n  
s u r f a c e  m orphology  can  b e  u s e d  f o r  d i a g n o s t i c  p u r p o s e s  i f  th e y  a r e  w e l l  
docum en ted , a s  m e n t io n e d  ab o v e .
7 .4  M i c r o c a l c i f i c a t i o n s  i n  B r e a s t  T i s s u e
A t t e n t i o n  was o r i g i n a l l y  drawn by L eborgne  (1951) t o  t h e  c h a r a c t e r i s t i c  
a p p e a ra n c e  o f  c a l c i f i c a t i o n  w i t h i n  m a l ig n a n t  b r e a s t  tu m o u rs .  L a t e r ,  L e v i t a n  
e t  a l .  (1964) d e s c r i b e d  b r e a s t  c a l c i f i c a t i o n s  as  b e in g  i r r e g u l a r  and f i n e  
r a t h e r  t h a n  c o a r s e  i n  a p p e a r a n c e .  H aagenson (1971) i n  h i s  r e p o r t  s t r e s s e d  
th e  d i f f i c u l t y  o f  d i f f e r e n t i a t i o n ,  on e v id e n c e  o f  c a l c i f i c a t i o n  a l o n e ,  b e tw e en  
c a rc in o m a  and s c l e r o s i n g  a d e n o s i s .  He s t a t e d  t h a t  a l t h o u g h  c a l c i f i c a t i o n s  
on th e  mammogram was o f t e n  a s ig n  o f  m a l ig n a n c y  t h e s e  c o u ld  a l s o  be  found  
i n  b e n ig n  l e s i o n s .  T h is  was c o n f i rm e d  by M acLeom and N a th a n  (1972) who 
found t h a t  c a l c i f i c a t i o n  i n  s c l e r o s i n g  a d e n o s i s  i s  s i m u l a t i n g  m a l ig n a n t  
b r e a s t  c a l c i f i c a t i o n .
F u r th e r m o r e ,  i n  some c a s e s  i t  was p o s s i b l e  t o  s e e  a c a l c i f i e d  
a p p e a r a n c e  i n  t h e  b r e a s t  when th e  b r e a s t  was th e  s i t e  o f  m e t a s t a t i c  d i s e a s e .  
Royen e t  a l .  (1974 )  d e t e c t e d  c a l c i f i e d  m é t a s t a s é s  i n  t h e  b r e a s t  from  p r im a ry  
o v a r i a n  c a rc in o m a  and Moncada e t  a l . (1974)  p u b l i s h e d  c a s e s  o f  c a l c i f i e d  
b r e a s t  and a x i l l a r y  lymph node  m e t a s t a s i s  from  o v a r i a n  n e o p la s m .
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( a ) (b)
I
F i g .  7 . 6  S e c o n d a r y  e l e c t r o n  image  o f  b r e a s t  t i s s u e .
a)  I n t r a d u c t  c a r c i n o m a
b)  A d e n o c a r c i n o m a
I
(x 120) 
(X 100)
F i g .  7 . 7 S e c o n d a r y  e l e c t r o n  
imag e o f  m i c r o ­
c a l c i f i c a t i o n .  The 
d e p o s i t  o f  c a l c i u m  
compounds h a s  
amorpho us  a p p e a r a n c e  
(x 1000)
V-
.40
F i g .  7 . 8  T r a n s m i s s i o n  E l e c t r o n  
M i c r o s c o p e  im age o f  
m i c r o c a l c i f i c a t i o n s .
The d e p o s i t s  o f  c a l c i u m  
compound can  be  s e e n  a s  
c lumps  o f  n e e d l e - s h a p e d  
c r y s t a l s  (x 45 00 0)
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The a p p e a r a n c e  o f  m i c r o c a l c i f i c a t i o n  i n  mammograms and t h e i r  
e l e m e n t a l  and s t r u c t u r a l  a n a l y s i s  was c o n d u c te d  i n  t h e  f o l l o w i n g  to  
h i g h l i g h t  p o s s i b l e  ways o f  f o r m a t i o n .
7 .4 .1  M i c r o c a l c i f i c a t i o n s  i n  mammographs
The l i t e r a t u r e  i n c l u d e s  many d e s c r i p t i o n s  o f  th e  mammographie p a t t e r n s  
o f  c a l c i f i c a t i o n  i n  m a l ig n a n t  and  b e n ig n  b r e a s t  l e s i o n s  (Bach e t  a l .  1957, 
G ershon e t  a l .  1962, 1 9 6 7 ) .  The s i g n i f i c a n c e  o f  t h e i r  a p p e a r a n c e  i n  
mammographs was s t u d i e d  by many a u th o r s  u s in g  spec im en  r a d i o g r a p h y .  K oeh l 
e t  a l ,  (1970) as a  r e s u l t  o f  t h e i r  s tu d y  o f  t h e  o p e r a t i v e  b r e a s t  sp ec im en s  
s t a t e d  t h a t  r o u t i n e  r o e n t g e n o g r a p h i c  s tu d y  o f  t h e  o p e r a t i v e  b r e a s t  spec im en  
i s  u s e f u l ,  n o t  o n ly  does i t  p e r m i t  th e  r a d i o l o g i s t  t o  a s s u r e  t h e  s u rg e o n  
t h a t  an a r e a  o f  m i c r o c a l c i f i c a t i o n  w h ich  was s u s p i c i o u s  on p r e o p e r a t i v e  
mammographie e x a m in a t io n  o f  t h e  b r e a s t  h a s  b een  rem oved, b u t  i t  a l s o  
l o c a l i z e s  f o r  th e  p a t h o l o g i s t  s i g n i f i c a n t  a r e a s  o f  th e  g r o s s  sp e c im e n  f o r  
m ic r o s c o p ic  e x a m in a t io n .  Specim en r a d i o g r a p h y  was a l s o  p e r fo rm e d  b y  Rosen 
e t  a l .  (1974) t o  c o n f i rm  th e  e x c i s i o n  o f  l e s i o n s  t h a t  w ere  shown to  c o n t a i n  
c a l c i f i c a t i o n  by p r i o r  mammography.
The i n c i d e n t  o f  c a l c i f i c a t i o n  i n  v a r i o u s  b r e a s t  d i s e a s e s  w e re  r e p o r t e d  
by M i l l e s  e t  a l .  ( 1 9 7 6 ) ,  F i s h e r  (1974) and Murphy e t  a l .  ( 1 9 7 8 ) .  They fo u n d  
from  th e  mammographie s tu d y  t h a t  m i c r o c a l c i f i c a t i o n  o c c u r r e d  i n  8 t o  20% o f  
b e n ig n  l e s i o n s  w h e re as  i n  c l i n i c a l l y  o c c u l t  c a n c e r s  t h e  m i c r o c a l c i f i c a t i o n  
o c c u r r e d  i n  20 to  75% o f  a l l  c a s e s .
The i n d i v i d u a l  p a r t i c l e  s i z e  i n  b o th  m a l ig n a n t  and b e n ig n  l e s i o n s  was 
found ( M i l l e s  e t  a l .  1976) r a n g i n g  from  10-500 pm. However, P r i c e  e t  a l .  
(1978) found  th e  s i z e  t o  v a ry  from  150 t o  1000 pm and th e  c a l c i f i c a t i o n
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o c c u r s  as  s o l i t a r y  c l u s t e r s  o c c u p y in g  l e s s  th a n  1 cm^ o r  i n  m u l t i p l e  
d i s c r e e t  c l u s t e r s  i n v o l v i n g  a d u c t  segm en t  o r  as d i f f u s e  c a l c i f i c a t i o n s  
and d i s t r i b u t e d  a lo n g  a d u c t  com plex and t e n d e d  t o  form  c l u s t e r s  w i t h i n  
t h e  more s c a t t e r e d  c a l c i f i c a t i o n .  A number o f  c l u s t e r s  w ere  u s e d  f o r  
d i a g n o s i s  by  R ogers  e t  a l .  (1972) who fo u n d ,  i n  a  s tu d y  o f  i n d i c a t i o n s  f o r  
b io p s y  i n  c l i n i c a l l y  n o rm a l  b r e a s t ,  no  c a r c in o m a ta  on t h e  b a s i s  o f  c a l c i f i ­
c a t i o n  a lo n e  w i t h  l e s s  th a n  f i v e  c l u s t e r s  o f  c a l c i f i c a t i o n s ,  b u t  6 t o  15 
c l u s t e r s  w ere  a s s o c i a t e d  w i t h  23% i n c i d e n c e  o f  c a n c e r .
A r e s e a r c h  on d i f f e r e n t  f e a t u r e s  t o  c h a r a c t e r i z e  m i c r o c a l c i f i c a t i o n s  
h a s  b e e n  c a r r i e d  o u t  u s in g  com pu te r  p rog ram s t o  im prove  th e  t r u e  p o s i t i v e  
and f a l s e  n e g a t i v e  r a t e  o f  d e t e c t i o n .  Wee e t  a l .  (1975) d e v e lo p e d  a 
com puter  p a t t e r n  r e c o g n i t i o n  p rog ram  t o  e v a l u a t e  c a l c i f i c a t i o n s  s e e n  on 
mammographs. H is  r e s u l t s  show t h a t  83% o f  p e r s o n s  s t u d i e d  w ere  c o r r e c t l y  
i d e n t i f i e d  a s  m a l ig n a n t  o r  b e n ig n  when th e  a p p ro x im a te  h o r i z o n t a l  l e n g t h ,  
a v e ra g e  i n t e r n a l  g r e y  l e v e l  and c o n t r a s t  w ere  u s e d  as  c r i t e r i a .  More r e c e n t l y  
S p i e s b e r g e r  (1979) h a s  e x te n d e d  th e  f i e l d  o f  com pu te r  p r o c e s s i n g  o f  mammo­
g r a p h s ,  by  a p p ly in g  th e  b r i g h t n e s s  m e a s u r e s ,  g r e y  l e v e l  s t a t i s t i c s  and 
co m p ac tn ess  m ea su re  o f  a  c o m p u te r iz e d  p i c t u r e  o f  mammographie im ages  i n  a 
d e c i s i o n  t r e e  f o r  t h e  e a r l y  d e t e c t i o n  o f  b r e a s t  c a n c e r  by  d e t e r m i n in g  th e  
s i g n i f i c a n c e  o f  m i c r o c a l c i f i c a t i o n s .
F i n a l l y ,  t h e  mammographie a p p e a ra n c e  o f  m i c r o c a l c i f i c a t i o n s  w e re  u s e d  
by D’O r s i  (1977) as  i n d i c a t i o n  o f  t h e  e f f e c t i v e  t r e a t m e n t  i n  c a l c i f i e d  
m a l ig n a n t  b r e a s t  d i s e a s e ;  he  r e p o r t e d  t h a t  th e  f i n e ,  clum ped c a l c i f i c a t i o n s  
a s s o c i a t e d  w i t h  an i r r e g u l a r  d e n s i t y  c o m p a t ib le  w i t h  c a rc in o m a  a p p e a r  as  
c o a r s e r  c a l c i f i c a t i o n s  a f t e r  t h e r a p y .
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7 . 4 . 2  U l t r a s t r u c t u r e  o b s e r v a t i o n s  on m i c r o c a l c i f i c a t i o n
C a l c i f i c a t i o n s  d e t e c t e d  i n  mammograms as c l u s t e r s  o f  d e n se  a r e a s  
can a l s o  b e  e a s i l y  s e e n  as  d e p o s i t s  o f  c a lc iu m  compounds i n  s e c t i o n s  
p r e p a r e d  r o u t i n e l y  f o r  h i s t o l o g i c a l  s t u d i e s ,  G ibbs (1 9 7 7 ) .  However, 
exam in ing  t h e s e  c a l c i f i c a t i o n s  b y  means o f  a  TEM and a  SEM, more p r e c i s e  
i n f o r m a t i o n  on th e  s t r u c t u r e  and c h e m ic a l  c o m p o s i t io n  was o b t a i n e d .
B r e a s t  t i s s u e  sam p les  w ere  s e l e c t e d  from  p r e v i o u s l y  p a r a f f i n  embedded 
b l o c k s  and p r o c e s s e d  f o r  SEM and TEM as g iv e n  i n  ( 4 .1 0 )  and ( 4 .9 )  r e s p e c t i v e l y .  
F i g .  ( 7 .7 )  shows th e  s u r f a c e  m orpho logy  o f  t h e s e  c a l c i f i c a t i o n s  u s in g  
s e c o n d a ry  e l e c t r o n  im a g in g .  No f i n e  d e t a i l s  can be  s e e n  and o n ly  an amorphous 
m in e r a l  component i n  s t r u c t u r e l e s s  m a t r i x  w hich  does  n o t  r e a c t  w i t h  th e  
s t a i n i n g  m a t e r i a l s  was o b s e r v e d .  These  amorphous a r e a s  w ere  l a i d  i n  th e  
d u c t  o t h e r w i s e  th e y  were c o n s t r u c t e d  i n  t h e  c e l l  s t r u c t u r e s .  The l i m i t e d  
r e s o l u t i o n  ('^ 10 nm) and m a g n i f i c a t i o n  (10^) o f  t h e  SEM was overcom e by  
u s in g  a  TEM w i th  i t s  h ig h  m a g n i f i c a t i o n  (5 x 10^) and good r e s o l u t i o n  (o;»2 n m ) . 
The J e o l - 1 0 0  B TEM was u s e d  f o r  t h i s  p u r p o s e .  S t a i n e d  and u n s t a i n e d  t h i n  
s e c t i o n s  ('v 100 nm) w ere  ex am in ed .  The d e p o s i t s  o f  c a lc iu m  compound can  be  
s e e n  now as  clumps o f  n e e d le  sh ap ed  c r y s t a l s  w i t h  t h e  c r y s t a l l i n e  d e p o s i t s  
( F ig .  7 .8 )  i n v a r i a b l y  a s s o c i a t e d  w i t h  m asses  o f  e l e c t r o n  d e n se  amorphous 
m a t e r i a l s .  Among such  d e p o s i t s ,  o c c a s i o n a l  s i n g l e  n e e d le  sh a p e d  c r y s t a l s  
w ere  d i s c e r n i b l e .  The p r e s e n t  u l t r a s t r u c t u r e  o b s e r v a t i o n s  show t h a t  
c a l c i f i c a t i o n s  a r e  f r e q u e n t l y  p r e s e n t  i n  th e  l u m in a l  s p a c e  d u c t  and t h e  
s p a c e  d u c t  l i k e  s t r u c t u r e s  form ed by th e  c a rc in o m a  c e l l s .  By c o m p a r i s o n ,  
no u l t r a s t r u c t u r e  d i f f e r e n c e s  w ere  o b s e rv e d  b e tw een  t h o s e  c r y s t a l s  s e e n  i n  
th e  b r e a s t  t i s s u e  and th o s e  r e p o r t e d  i n  e a r l y  c a r t i l a g e  m a t r i x  c a l c i f i c a t i o n s  
by Newbrey (1975) and A p p le to n  (1970) o r  th e  c a l c i f i e d  c r y s t a l s  i n  d e n t i n e
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F i g .  7 . 9  A c a l c i f i e d  a r e a  s m e a r e d  o u t  on t h e  s u p p o r t i n g
g r i d  t o  show v a r i a t i o n s  i n  c r y s t a l  s i z e s  (x 450 00 )
F i g 7 . 10a A c r o s s  s e c t i o n  o f  c a l c i u m  c r y s t a l  f o u n d  i n  
b r e a s t  t i s s u e  (x 900 00 )
# V
F i g .  7 . 1 0 b  C l e a r  zo n e s  w i t h i n  t h e  c a l c i u m  c r y s t a l  and 
p e r f e c t  h e x a g o n a l  symmetry  (x 2000 00 )
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and enam el by  B enard  (1972) and Eisnmam e t  a l ,  ( 1 9 7 2 ) .  When a clump o f  a 
c a l c i f i e d  a r e a  was sm eared  o u t  on t h e  s u p p o r t i n g  g r i d ,  F i g .  ( 7 . 9 ) ,  i t  was 
p o s s i b l e  t o  s e e  t h a t  th e  c r y s t a l s  w ere  n o t  c r o s s - l i n k e d ,  b u t  w ere  o f  d i f f e r ­
e n t  s i z e s  w i t h  t h e  l a r g e s t  c r y s t a l s  m e a s u r in g  500nm and t h e . s m a l le s t^ 7 0 n m  
w i t h  d o m in a t io n  o f  l a r g e  c r y s t a l s .  T h is  was a l s o  o b s e rv e d  by  M i l l e r  and 
B u r n e l l  (1977) i n  bone  m i n e r a l .  Through r e p e a t e d  s e c t i o n i n g  i n  c a l c i f i e d  
a r e a s  i t  was p o s s i b l e  t o  o b s e rv e  a c r o s s  s e c t i o n  o f  t h e s e  c r y s t a l s  i n  t h e  
i n t r a c e l l u l a r  r e g i o n s  F i g .  (7 .1 0 A ) .  T hese  c r o s s  s e c t i o n s  show a  c l e a r  zone 
w i t h i n  t h e  c r y s t a l s  and p e r f e c t  h e x a g o n a l  symmetry w i t h  t h e  a b s e n c e  o f  any 
a b n o r m a l i t i e s  ( F ig .  7 .10B) i n  t h e i r  f o r m a t i o n .  K e r e b e l  e t  a l .  (1976 )  h a s  
s t u d i e d  b i o l o g i c a l  a p a t i t e s  i n  human enam el and h i s  r e s u l t s  s u g g e s t  t h a t  
t h e  ty p e  o f  c r o s s  s e c t i o n s  s e e n  i n  F i g .  (7 .10A ) b e lo n g  t o  c r y s t a l s  i n  th e  
p r o c e s s  o f  f o r m a t i o n .
7 . 4 . 3  S t r u c t u r e  a n a l y s i s  o f  b r e a s t  m i c r o c a l c i f i c a t i o n s
Both  b e n ig n  and m a l ig n a n t  c a l c i f i e d  b r e a s t  t i s s u e s  w e re  a n a l y s e d  
by means o f  t h e i r  c h a r a c t e r i s t i c  X - ra y s  when i r r a d i a t e d  by  e l e c t r o n s  and 
t h e i r  e l e c t r o n  d i f f r a c t i o n  p a t t e r n s .
a) C h a r a c t e r i s t i c  X -ray  a n a l y s i s : The SEM w i t h  i t s  a n a l y t i c a l  f a c i l i t i e s
( c h a p t e r  3) p r o v id e s  an e x c e l l e n t  m ethbd f o r  q u a l i t a t i v e  and s e m i q u a n t i t a t i v e  
a n a l y s i s  o f  t h e  c h e m ic a l  c o m p o s i t io n  o f  o b s e rv e d  f o c i  o f  c a l c i f i c a t i o n s  
and t h e i r  s u r r o u n d in g  t i s s u e .  Two modes o f  a n a l y s i s  w ere  em ployed : i )
c o n s t r u c t i o n  o f  X -ray  maps f o r  b o th  Ca and P i . e .  th e  c h a r a c t e r i s t i c  X -ray  
o f  Ca and P w ere  c o l l e c t e d  i n  a tu n e d  d e t e c t o r  w h i l e  th e  e l e c t r o n  beam sc a n n e d  
o v e r  th e  s p e c im e n .  By u s in g  th e  s e c o n d a ry  e l e c t r o n  im a g in g  mode i t  was 
p o s s i b l e  t o  m atch  th e  X -ray  map w i t h  t h e  s u r f a c e  m orpho logy  ( F i g .  7 . 1 1 ) .
T h is  m ethod o u t l i n e s  th e  d i s t r i b u t i o n  o f  b o th  Ca and P i n  t h e  s p e c im e n .
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However, i f  we w a n t  to  know more a b o u t  th e  r e l a t i v e  c o n c e n t r a t i o n  o f  Ca 
to  P th e n  i i )  t h e  e l e c t r o n  beam i s  f o c u s e d  on a m ic r o a r e a  o f  th e  
spec im en  w i t h  t h e  d e t e c t o r  s e t  to  c o l l e c t  a l l  t h e  c h a r a c t e r i s t i c  X - ra y s  
e m i t t e d  from  a s e l e c t e d  c a l c i f i e d  r e g i o n .  A s p e c t ru m  c o l l e c t e d  from  t h i s :  V -- 
a r e a  u s in g  an a c c e l e r a t i n g  v o l t a g e  o f  25 kV w i t h  a c u r r e n t  o f  2 x 10“ ^®A 
and a c o l l e c t i o n  t im e  o f  100 s shows s t r o n g  Ca and P p e a k s  F i g .  ( 7 . 1 2 ) .  
C h a r a c t e r i s t i c  X -ray s  w ere  a l s o  c o l l e c t e d  from  h y d r o x y a p a t i t e  s t a n d a r d s  
u n d e r  i d e n t i c a l  i r r a d i a t i o n  c o n d i t i o n s  as f o r  t h e  c a l c i f i e d  m i c r o a r e a s .
The r a t i o  o f  c a lc iu m  t o  p h o s p h o r  us i n  b o t h  t h e  sam ple  and s t a n d a r d  was 
-  5 : 3  when a  c o r r e c t i o n  was made f o r  t h e  e x p e c t e d  e r r o r s  due to  X - ra y  
a b s o r p t i o n ,  f l u o r e s c e n c e  and a to m ic  number e f f e c t s .  T h is  r a t i o  i s  
c o n s i s t e n t  w i t h  th e  c o n c lu s i o n  t h a t  th e  d e p o s i t s  a r e  h y d r o x y a p a t i t e  
c r y s t a l s  (Ca^ (PO^))gOH.
b) E l e c t r o n  d i f f r a c t i o n : E l e c t r o n  d i f f r a c t i o n  can be  u se d  t o  i d e n t i f y  a
c r y s t a l  s t r u c t u r e  by i n t e r p r e t i n g  th e  d i f f r a c t e d  e l e c t r o n  p a t t e r n  from  a 
c r y s t a l l i z e d  t h i n  sp e c im en .
The e l e c t r o n  d i f f r a c t i o n  p a t t e r n  c o n t a i n s  two ty p e s  o f  i n f o r m a t i o n
a) s p a t i a l  a r r a n g e m e n t ,  t h a t  i s ,  d i s t a n c e  R b e tw een  th e  c e n t r a l  s p o t  and 
th e  o t h e r  d i f f r a c t i o n  s p o t s  o r  r i n g s  and  th e  a n g le s  <j), b e tw e en  l i n e s  j o i n i n g  
th e  c e n t r a l  s p o t  to  each  d i f f e r e n t  s p o t  and b )  i n t e n s i t i e s  i n  c o m p a r a t iv e  
v a lu e  b e tw e en  th e  c e n t r a l  s p o t  and th e  o t h e r  d i f f r a c t i o n  maxima. F o r  more 
i n f o r m a t io n  on th e  t h e o r y  o f  e l e c t r o n  d i f f r a c t i o n  th e  r e a d e r  i s  r e f e r r e d  t o  
Rymer ( 1 9 7 0 ) ,  Andrews e t  a l .  (1971) and t o  M urray  e t  a l .  (1969) f o r  b i o ­
l o g i c a l  a p p l i c a t i o n s .  I n  t h i s  work i f  we c o n s i d e r  t h e  e l e c t r o n  m ic ro s c o p e  
as  a s im p le  e l e c t r o n  d i f f r a c t i o n  cam era ,  th e  d i s t a n c e  b e tw e e n  th e  sp e c im e n  
and th e  p l a t e ,  th e  cam era l e n g t h ,  i s  d e s i g n a t e d  L and by  th e  s im p le  g e o m e t ry .
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Fig .  7.11
a)  S e c o n d a r y  e l e c t r o n  image o f  
b r e a s t  t i s s u e  f r om  a woman 
w i t h  a b e n i g n  b r e a s t  d i s e a s e  
( x  9 0 0 )
b)  Ca-Ka X - r a y  d o t  map show ing 
t h e  c a l c i f i e d  a r e a s
c)  P-Ka X - r a y  d o t  map show ing 
P l o c a t e d  w i t h  Ca.
F i g .  7 . 1 1 a
F i g .  7 .1 1 b F i g .  7 . 1 1 c
F i g .  7 . 1 3  E l e c t r o n  d i f f r a c t i o n  
p a t t e r n  o f  h y d r o x y ­
a p a t i t e  c r y s t a l s  fo u n d  
i n  a woman’ s b r e a s t  
w i t h  an i n t r a d u c t  
c a r c i n o m a .
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th e n
t a n  20 = R/L 
The Bragg Law s t a t e s  t h a t
A = 2d s i n  0 when n = 1
s i n c e  t h e  a n g le s  0 ,  th ro u g h  w hich  th e  e l e c t r o n s  a r e  d i f f r a c t e d  a r e  v e ry  
s m a l l ,  o n ly  1-2®, t h e  a p p ro x im a t io n
t a n  26 = 2 s i n  0 
can b e  made w i t h  v e ry  l i t t l e  e r r o r ,  th e n
R/L = A/d
Rd = AL
so i f  v a lu e s  o f  R, L and A f o r  a  p a r t i c u l a r  d i f f r a c t i o n  s p o t  o r  r i n g  can  
be  m easu red  th e n  th e  d s p a c in g  o f  th e  s e t  o f  l a t t i c e  p l a n e s  g i v i n g  r i s e  ; 
t o  t h a t  s p o t  o r  r i n g  can  be  d e te r m in e d .  L i s t s  o f  d s p a c i n g  can  be  conç>iled 
f o r  a l l  s e t s  o f  p l a n e s  i n  th e  spec im en  and th e n  can  b e  u s e d  t o  d e te r m in e  a
number o f  i m p o r t a n t  p i e c e s  o f  i n f o r m a t io n  a b o u t  th e  s p e c im e n .
The cam era l e n g t h  (AL) was c a l c u l a t e d  f o r  two o p e r a t i v e  h ig h  
v o l t a g e s ,  80 kV and 100 kV u s in g  a t h i n  AL s t a n d a r d .  T h i r t e e n  d i f f r a c t i o n  
r i n g s  w ere  employed i n  t h i s  c a l c u l a t i o n  g iv e n  AL as  5 5 .7 4  and 5 1 .6 6  f o r
80 and 100 kV r e s p e c t i v e l y .
The e l e c t r o n  d i f f r a c t i o n  p a t t e r n  from  a c a l c i f i e d  a r e a  was r e c o r d e d ,  
F i g .  ( 7 . 1 3 ) .  The d v a lu e  o f  th e  c r y s t a l s  was c a l c u l a t e d ,  a f t e r  m e a s u r in g  
R on F i g .  ( 7 . 1 3 ) ,  as  .3 5 ,  .3 1 8 ,  .2 2 6 ,  .196  and .181  nm. These v a l u e s  a r e  
c o n s i s t e n t  w i t h  th e  c r y s t a l  b e in g  h y d r o x y a p a t i t e  (A .S .T .M . i n d e x ) .
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7 .5  X - ra y  M ic r o a n a l y s i s  o f  B r e a s t  T i s s u e
D i f f e r e n c e s  i n  e l e m e n ta l  l o c a l  d i s t r i b u t i o n  i n  c e l l s  and  t i s s u e s  
p l a y  an  i m p o r t a n t  r o l e  f o r  many q u e s t i o n s  o f  c e l l  b i o lo g y  and p h y s io l o g y .
W ith t h i s  i n  m ind , i t  was p la n n e d  t o  c a r r y  o u t  an a n a l y t i c a l  s tu d y  o f  
b r e a s t  t i s s u e  and  compare t h e  r e s u l t s  o b t a i n e d  w i t h  t h o s e  o f  INAA.
Samples s e c t i o n e d  from  p a r a f f i n  b l o c k s  w ere  exam ined  by th e  X -ray  m ic r o ­
a n a l y s i s  f a c i l i t i e s  a t t a c h e d  to  t h e  SEM. The m ethod f a i l e d  to  d e m o n s t r a te  
any d i f f e r e n c e s  i n  t h e  l o c a l  d i s t r i b u t i o n  as m ost  e le m e n ts  l e a k  o u t  when 
t h e  sam p les  a r e  p r o c e s s e d  f o r  r o u t i n e  h i s t o l o g i c a l  s t u d i e s .  T h is  was n o t  
s u r p r i s i n g  s i n c e  i t  h a s  b e e n  r e p o r t e d  by  many w o rk e rs  i n  t h e  f i e l d  who 
s u g g e s t  e i t h e r  t h a t  t h e  t i s s u e  s h o u ld  b e  f r e e z e d  r a p i d l y  and f r e e z e  d r i e d  
l a t e r  o r  t o  s tu d y  th e  t i s s u e  i n  i t s  f r o z e n  h y d r a t e d  s t a t e  (F uchs  e t  a l .
1978, Sauberman 1975) as  an i d e a l  m ethod o f  p r e s e r v i n g  e l e m e n t a l  d i s t r i b u t i o n  
i n  b i o l o g i c a l  s p e c im e n s .
Sam ples w ere  r a p i d l y  f r o z e n  a s  e x p l a i n e d  i n  ( 4 . 1 1 ) .  S e c t i o n s  w ere  
f r e e z e  d r i e d  a f t e r  s e c t i o n i n g  i n  t h e  f r o z e n  s t a t e .  As th e  t h i c k n e s s  o f
• O  ^ ^
s e c t i o n s  was ^  2000 A no good r e s o l u t i o n  image was o b t a i n a b l e .  How ever, 
when t h e  s c a n n in g  t r a n s m i s s i o n  mode was u s e d ,  on t h e  3 t o l  100 cx s c a n n in g  
t r a n s m i s s i o n  a n a l y t i c a l  m i c r o s c o p e , th e  image was r e a s o n a b l e  and some 
f e a t u r e s  o f  th e  t i s s u e  c o u ld  be r e c o g n i s e d  F i g .  ( 4 . 6 ) .  T h is  m ethod f a i l e d ,  
as  th e  p r e v i o u s  o n e ,  to  r e v e a l  any l o c a l  e l e m e n t a l  d i s t r i b u t i o n  as  t h e  
e le m e n ts  w ere  l o s t  d u r in g  s e c t i o n i n g  and d r y i n g .
7 .6  D i s c u s s io n
T h is  i n v e s t i g a t i o n  h a s  b e e n  c o n d u c te d  t o  s tu d y  b r e a s t  t i s s u e  by 
e l e c t r o n  m ic ro sc o p y  and X -ra y  m i c r o a n a l y s i s .  As i t  h a s  b e e n  shown, t h e
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SEM can be  u s e d  to  d i f f e r e n t i a t e  b e tw e en  d i f f e r e n t  p a t h o l o g i c a l  a p p e a ra n c e s  
b y  t h e i r ,  s u r f a c e  m orpho logy . N e v e r t h e l e s s ,  t h i s  i s  f a r  f rom  b e in g  c o m p le te
as t h e r e  a r e  no s t a n d a r d  r e f e r e n c e  a t l a s  t o  b e  u s e d  a t  t h i s  s f a g e .  -M eanw hile  
th e  TEM i s  more w id e ly  u se d  i n  some l a b o r a t o r i e s  i n  p a r a l l e l  w i t h  l i g h t  
m ic ro sc o p y  o r  i n  some h i s t o c h e m i c a l  and im m unocy tochem ica l  i n v e s t i g a t i o n s .
The c o n t r o v e r s y  a b o u t  t h e  s i g n i f i c a n c e  o f  b r e a s t  c a l c i f i c a t i o n s  as a  
d i a g n o s t i c  m a rk e r  no d o u b t  s tem s from  th e  p a s t  d i f f i c u l t y  i n  a n a l y s i n g  
them. As a  r e s u l t  o f  s t u d y i n g  th e  s t r u c t u r e  o f  c a l c i f i e d  a r e a s  i t  was 
found  t h a t ,  no  m a t t e r  w here  t h e s e  c a l c i f i c a t i o n s  o c c u r r e d  i n  t h e  b r e a s t  o r  
w h e th e r  th e  a b n o r m a l i ty  i s  b e n ig n  o r  m a l ig n a n t  t h e  c a l c i f i e d  c r y s t a l s  have  
t h e  h y d r o x y a p a t i t e  s t r u c t u r e  as  was a l s o  s u g g e s t e d  by Ahmed ( 1 9 7 5 ) .  G a lk in  
e t  a l .  (1977) c la im e d  t h a t  b e n ig n  and  m a l ig n a n t  b r e a s t  t i s s u e  can  b e  
d i f f e r e n t i a t e d  by th e  o u t lo o k  o f  m i c r o c a l c i f i c a t i o n  i n  t h e  t i s s u e  and 
t h e r e  a r e  p r e f e r a b l e  a r e a s  o f  a c c u m u la t io n ,  no such  o b s e r v a t i o n s  w ere  s e e n  
h e r e ,  a l t h o u g h  we fo u n d  i n  some c a s e s  th e  c a l c i f i c a t i o n s  w ere  a t t a c h e d  to  
th e  w a l l  o f  t h e  d u c t  ( F ig .  7 .6 a )  i n  th e  i n t r a d u c t  c a rc in o m a  a s  d e s c r i b e d  
by G a lk in .  A p o i n t  o f  i n t e r e s t  we w ere  u n a b le  to  do i s  th e  a s s o c i a t i o n  
b e tw e en  th e  num ber o f  c l u s t e r s  w i t h  t h e  i n c i d e n c e  o f  c a n c e r  a s  R oge rs  and 
Bow ell (1972) found  some r e s u l t s  w i t h  good s t a t i s t i c a l  a c c e p t a n c e .  However, 
t h i s  i s  n o t  th e  m ethod t o  be  u s e d  f o r  p r e m a s t e c t o r y  d i a g n o s i s .
The m ost  d i f f i c u l t  q u e s t i o n  to  answ er  i s  how t h e s e  c a l c i f i c a t i o n s  a r e  
formed i n  th e  b r e a s t  t i s s u e ?  H aagensen  (1971) s e e s  i t  a s  b e in g  c l e a r l y  th e  
r e s u l t  o f  t h e  d e p o s i t i o n  o f  c a lc iu m  i n  o l d  o r  dead  m asses  o f  e p i t h e l i a l  c e l l s  
i n  d u c t s ,  o r  c y s t s  o r  e p i t h e l i a l  ne o p la sm s  o f  v a r i o u s  t y p e s .  On th e  q t h e r  
hand  S te g n e r  and Pope (1972) and Ahmed (1975) s u g g e s t e d  t h a t  t h e  c a l c i f i c a t i o n  
i s  th e  r e s u l t  o f  an a c t i v e  s e c r e t o r y  p r o c e s s  r a t h e r  th a n  c a l c i f i e d  n e c r o t i c  
o r  d e g e n e r a te  tumour c e l l s .  Ahmed ( 1 9 7 5 ) ,  G ibbs e t  a l .  (1975) and  P r i c e  e t  a l .
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(1978) s u p p o r t  t h i s  h y p o t h e s i s .  The r e s u l t s  h e r e  a r e  n o t  q u a l i f i e d  t o  
answ er  t h e  q u e s t i o n  and th e  m a t t e r  n e e d s  f u r t h e r  p h y s i o l o g i c a l  and 
a n a l y t i c a l  s tu d y  b u t  i t  s h o u ld  b e  s t a t e d  t h a t  i n  some c a s e s  a l t h o u g h  no  
m i c r o c a l c i f i c a t i o n  h a s  b e e n  s e e n  i n  t h e  d u c t  w a l l ,  Ca and P w ere  d e t e c t e d  i n  
o n ly  s p a t i a l  d i r e c t i o n s ,  w h ich  i n d i r e c t l y  s u p p o r t  t h e  s e c r e t i o n  h y p o t h e s i s .
F i n a l l y ,  i t  s h o u ld  b e  rem embered t h a t  t h e s e  c a l c i f i c a t i o n s  w ere  
d e t e c t e d  i n  d i f f e r e n t  o rg an s  as  th e y  a r e  a s s o c i a t e d  w i th  p a t h o l o g i c a l  
p r o c e s s e s  i n  many o rg a n s  t h ro u g h o u t  t h e  b o d y .  M oenohder (1973) found  
e x t e n s i v e  c a l c i f i c a t i o n  i n  p r im a ry  c a rc in o m a  o f  th e  l i v e r .  G ibbs e t  a l .  
(1975) found  t h a t  t h e  o c c u r r e n c e  o f  c a l c i f i c a t i o n  i n  t h e  p r o s t a t i c  g l a n d  
i s  s i m i l a r  t o  t h e  mammary g la n d  c a l c i f i c a t i o n .  No d o u b t ,  c a r r y i n g  o u t  
c o m p a ra t iv e  s t u d i e s  w i t h  a  new ly d e v e lo p e d  h ig h  m a g n i f i c a t i o n  h i g h  r e s o l u t i o n  
m i c r o a n a l y s e r  ( su c h  as i s  now fo u n d  i n  th e  U n i v e r s i t y )  w i l l  c o n t r i b u t e  t o  
th e  answ er  o f  t h e  f o rm a t io n  q u e s t i o n .
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CHAPTER 8
CONCLUSIONS AiqU SUGGESTIONS FOR FURTHER WORK
To o b t a i n  a c c u r a t e  and p r e c i s e  r e s u l t s  by n e u t r o n  a c t i v a t i o n  
a n a l y s i s  o r  e l e c t r o n  p ro b e  m i c r o a n a l y s i s  sam p les  h av e  to  b e  p r e p a r e d  
w i t h  minimum h a n d l i n g  and p r o c e s s i n g .  H a i r  s a n p le s  w ashed  i n  o r d i n a r y
d e t e r g e n t  f o r  one m in u te ,  t h e n  r i n s e d  and  washed by d o u b le  d e io n i z e d
d i s t i l l e d  w a t e r  f o r  one h o u r  show t h a t  th e  m ethod i s  c a p a b le  o f  rem oving  
a l l  t h e  d e b r i s  and  g r e a s e  from  th e  h a i r  s u r f a c e  (S e c .  4 . 2 ) .  No d o u b t  
l o s s  i n  some e le m e n ts  su c h  as  Br and Na t a k e s  p l a c e  b u t  as  a l l  sam p les  a r e  
t r e a t e d  by th e  same m ethod th e  l o s s e s  a r e  assumed t o  be  s i m i l a r .  N ever­
t h e l e s s ,  f u r t h e r  l o s s  o f  e le m e n ts  and r e d i s t r i b u t i o n  o f  t h e s e  e le m e n ts  
w i l l  t a k e  p l a c e  as  th e  movement o f  w a t e r  i n  o r  o u t  o f  s o f t  t i s s u e  c e l l s  
w i l l  have  an  e f f e c t  on th e  e l e m e n t a l  c o n t e n t  o f  t h a t  t i s s u e .  Wlien 
d i f f e r e n t  m ethods o f  s o f t  t i s s u e  d r y in g  w ere  u se d  such  a s  a l c b j i o l  dehy­
d r a t i o n ,  oven d r y in g  and f r e e z e  d r y i n g ,  i t  was found  t h a t  f r e e z e  d r y in g  
and oven d r y in g  (S e c ,  4 .3  and S ec .  4 ,4 )  had  th e  same e f f e c t  on th e  
e le m e n t a l  c o n t e n t  w i th  minimum l o s s  o r  r e t e n t i o n  o f  e le m e n ts  t a k i n g  p l a c e .  
IVhereas, f o r m a l i n  f i x a t i o n  and a l c o h o l  d e h y d r a t io n  r e s u l t e d  i n  l a r g e  l o s s e s  
o f  Na, Br and Cl and r e t e n t i o n  o f  F e ,  Cu and C r.
Any m ethod o f  a n a l y s i s  i s  u n a b le  to  d e t e c t  e le m e n ts  when th e y  a r e
p r e s e n t e d  b e lo w  c e r t a i n  l e v e l s  w hich  a r e  c o n s id e r e d  h e r e  t o  b e  th e  
d e t e c t i o n  l i m i t s  f o r  t h e s e  e le m e n ts  m easu red  u n d e r  c e r t a i n  c o n d i t i o n s .  
S a n p le s  w i t h  e l e m e n t a l  c o n c e n t r a t i o n s  be low  th e  d e t e c t i o n  l i m i t s  w ere  
e x c lu d e d  i n  t h e  d e t e r m i n a t i o n  o f  th e  a r i t h m e t i c  o r  g e o m e t r i c  m eans . How­
e v e r ,  s i n c e  th e y  do fo rm  p a r t  o f  th e  sam pled  p o p u l a t i o n  and i n  o r d e r  t o
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i n c l u d e  them i n  t h e  t a b l e  o f  r e s u l t s  two m ethods w ere  u s e d :  i )  th e
r a t i o  o f  t h e  number o f  sam p les  w i t h  c o n c e n t r a t i o n  above th e  d e t e c t i o n  
l i m i t  o f  t h a t  e le m e n t  to  t h e  t o t a l  number o f  sam p les  was c a l c u l a t e d  
(T a b le  5 . 3 ) ;  i i )  t h e  m ed ian  v a lu e  o f  c o n c e n t r a t i o n  o f  an e le m e n t  was 
found  e x c lu d i n g  a l l  s a u r i e s  w i t h  c o n c e n t r a t i o n  b e lo w  th e  d e t e c t i o n  l i m i t  
f o r  t h a t  e l e m e n t .  A n o th e r  v a lu e  f o r  th e  m ed ian  i s  g iv e n  b u t  t h i s  t im e  
sam ples  w i t h  e l e m e n t a l  c o n c e n t r a t i o n  be low  th e  d e t e c t i o n  l i m i t  a r e  
i n c l u d e d .  The m edian  was lo w er  when sam p les  w i t h  c o n c e n t r a t i o n s  be low  
th e  d e t e c t i o n  l i m i t  w ere  i n c l u d e d .  However, th e  d i f f e r e n c e  b e tw e en  t h e s e  
two m ed ians  gave an i n d i c a t i o n  on how f r e q u e n t ly  th is  e le m e n t  was d e t e c t e d  
i n  a s e t  o f  s a m p le s .  The r a t i o  o f  t h e s e  two m ed ians  i s  found  to  be  
i d e n t i c a l  to  th e  f r a c t i o n  o f  sam ples  w i t h  c o n c e n t r a t i o n  above th e  
d e t e c t i o n  l i m i t s .
When c a n c e ro u s  and n o n - c a n c e ro u s  b r e a s t  t i s s u e  a lo n g  w i t h  h a i r  sam p les  
from th e  same p a t i e n t s  w ere  a n a ly s e d  to  t e s t  c o r r e l a t i o n s  i n  e l e m e n t a l  
c o n t e n t  b e tw e e n  th e  t h r e e  ty p e s  o f  t i s s u e ,  th e  c o r r e l a t i o n  c o e f f i c i e n t  
was s m a l l  f o r  e le m e n ts  d e t e c t e d  i n  b o th  t i s s u e  and h a i r .  Only z in c  shows 
l a r g e r  c o r r e l a t i o n  c o e f f i c i e n t  w hich  means t h a t  h a i r  c o n t e n t  o f  z i n c  c o u ld  
be  r e f l e c t i n g  th e  body s t o r e  o f  z in c  (K levay  1 9 7 2 ) .  The c o n c e n t r a t i o n  o f  
Na, C l ,  Br i n  c a n c e ro u s  b r e a s t  t i s s u e  c o r r e l a t e s  w i th  th e  c o n c e n t r a t i o n  o f  
t h e s e  e le m e n ts  i n  n o n - c a n c e ro u s  t i s s u e .  The z in c  c o n c e n t r a t i o n  i n  c a n c e r o u s  
b r e a s t  t i s s u e  does  n o t  c o r r e l a t e  w i t h  th e  z in c  c o n te n t  o f  n o n - c a n c e ro u s  
b r e a s t  t i s s u e .  T h is  r e s u l t  i s  n o t  s u r p r i s i n g  as th e  z in c  c o n c e n t r a t i o n  
fo l lo w s  a lo g n o rm a l  and a no rm al  d i s t r i b u t i o n  i n  t h e s e  t i s s u e s  r e s p e c t i v e l y .  
However, c o n c e n t r a t i o n s  c o r r e l a t e  w e l l  w i t h  th o s e  o f  Zn i n  b o t h  c a n c e r o u s  
and n o n - c a n c e ro u s  b r e a s t  t i s s u e s .
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S u g g e s t io n s  f o r  F u r t h e r  Work
The p o t e n t i a l  o f  c y c l i c  a c t i v a t i o n  a n a l y s i s  em ploy ing  e p i t h e r m a l  
n e u t r o n s  i n  c o n j u n c t i o n  w i t h  y  and X -ray  s p e c t r o s c o p y  n eed s  f u r t h e r  
e x p l o r a t i o n  (S py rou  1 9 7 9 ) .  D epending  on i s o t o p e  o f  i n t e r e s t  and th e  
sam ple  m a t r i x  i n  w hich  i t  i s  p r e s e n t e d  e p i t h e r m a l  c y c l i c  n e u t r o n  a c t i v ­
a t i o n  a n a l y s i s  may r e s u l t  i n  a  c o n s i d e r a b l e  im provem ent i n  t h e  d e t e c t i o n  
l i m i t .  A new c y c l i c  a c t i v a t i o n  sy s te m  i s  now u n d e r  c o n s t r u c t i o n  a t  ULRC; 
one o f  t h e  f e a t u r e s  o f  t h e  i r r a d i a t i o n  p i p e  i s  a  Cd s l e e v e  w h ich  may be  
lo w e re d ,  i f  r e q u i r e d ,  i n t o  t h e  c o re  t o  e n a b le  e p i t h e r m a l  c y c l i c  n e u t r o n  
a c t i v a t i o n  a n a l y s i s ,  th u s  e l i m i n a t i n g  th e  i n h e r e n t  d i f f i c u l t i e s  o f  c y c l i n g  
th e  s h i e l d i n g  m a t e r i a l s  a s  w e l l  a s  t h e  s a m p le .
F o r  t h e  d e t e r m i n a t i o n  o f  e l e m e n t a l  c o n c e n t r a t i o n  i n  h a i r  s a m p le s ,
NBS o r c h a r d  l e a v e  s t a n d a r d  was u s e d .  A l th o u g h  t h i s  s t a n d a r d  i s  com parab le  
w i t h  h a i r  f o r  e l e m e n ta l  c o n t e n t ,  t h e  two m a t r i c e s  d i f f e r  i n  t h e i r  
s t r u c t u r e  and c h e m ic a l  c o m p o s i t io n .  R e c e n t ly  th e  IAEA s u g g e s t e d  t h a t  a 
h a i r  r e f e r e n c e  m a t e r i a l  be  made; c o n s i d e r i n g  th e  amount o f  work c a r r i e d  
o u t  on h a i r  a n a l y s i s  i t  becomes n e c e s s a r y  to  have  a S t a n d a r d  R e f e re n c e  
H a i r  (SRH). I t  i s  more a c c u r a t e  t o  u s e  such  s t a n d a r d  when a  co m p a r iso n  
be tw een  i n d i v i d u a l s  or p o p u l a t i o n s  i s  to  be c a r r i e d  o u t .
In  F ig .  ( 7 .6 )  t h e  d i f f e r e n c e  i n  s u r f a c e  m orphology  o f  two d i f f e r e n t  
t y p e s  o f  p a t h o l o g i c a l  a p p e a ra n c e  o f  b r e a s t  t i s s u e  was d e m o n s t r a t e d .  S t u d i e s  
a im ing  a t  c o r r e l a t i n g  s u r f a c e  m orpho logy  w i t h  f a m i l i a r  h i s t o l o g i c a l  and 
c y t o l o g i c a l  p a t t e r n s  c o u ld  be one o f  th e  u s e s  o f  s e c o n d a ry  e l e c t r o n  im a g in g  
i n  th e  SEM i n  c o n ju n c t io n  w i th  i n v e s t i g a t i o n  on e l e m e n t a l  a n a l y s i s .
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The e l e m e n t a l  a n a l y s i s  o f  b r e a s t  m ilk  and f l u i d  s e c r e t i o n  c o u ld  
r e f l e c t  t h e  e l e m e n t a l  c o n t e n t  o f  b r e a s t  t i s s u e  as t h e s e  s e c r e t i o n s  a r e  
th e  r e s u l t s  o f  an a c t i v e  p r o c e s s  o f  t h e  b r e a s t  t i s s u e  c e l l s  t h e m s e lv e s .  
F o r  t h i s  r e a s o n  th e  a n a l y s i s  o f  t h e s e  s e c r e t i o n s  may h e lp  i n  t h e  d i a g n o s i s  
and p r o g n o s i s  o f  b r e a s t  d i s e a s e s .
-  179 -
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